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LECTURE I. 

(Ghairman. Sib B N Seal, Vice-Ghancellor, 

The University of Mysore ) 

Mb Vice-Chanoellob, Lames and Gentlemen. 

I deem it a veiy great pleasure and privilege indeed to 
have been invited by the University ot Mysore to deliver this 
series of lectures on Blood Sugar in the Medical College at 
Bangalore, and I am very grateful to you, Mr, Vice-Chancellor, 
for the very complimentary manner m winch you have spoken 
of me I cannot adequately express my thanks for the honour 
you have done me. The pnvilege of addressing you puts me 
under a heavy load of responsibility, I am only too conscious 


*Deliveied at the University iledioal College, Bangalore, Mysore University, 
10th, 18th and 20th September 1929, 
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of my own shortcomings When I received the letter from 
Dr B K iSTarayan Rao, Principal of the College, conveying 
the invitation of the University, I was glad to accept it, 
chiefli^ for the reason, that it gave me an opportunity to see 
a sister institution A liaison between the various Indian 
Universities is of the highest importance at the present moment, 
and no better method of bringing it about could he conceived 
tliau that adopted by you 1 therefore come in your midst 
as a student with a desire to learn, and I wish to express my 
sincerest thanks to the authorities concerned for offering me 
this splendid opportunity of doing so 

The subject of Blood Sugar, with which T propose to deal, 
IS of great interest in view oi the prevalence of Glycosuria in 
India. I have divided it into three lectures. In the first I 
shall discus.s mainly the normal concentration of sugar in the 
blood, m the second the variations m the amount of Blood 
Sugar and the Sugar Tolerance Test, and m the thud, the 
application of these to the problem of Diabetes with special 
reference to India 

I. The Food. 

It IS a characteristic feature of all form.s of living things, 
that they are continuously and spontaneously undergoing 
change. On the one hand, the living substance is constantly 
breaking down , and on the other it is building itself anew 
with the help of food substance it takes in These processes 
of Ketaholism and Anabolism are taking place simultaneously 
and constitute the phenomenon of Metabolism, which is the 
fundamental fact of life 

Pood, therefore, is necessary for the maintenance of life. 
It IS also indispensable for growth. Both plants and animals 
need it The manner of obtammg nutriment in the two cases, 
however, differs. Sugar is a form of food material, which is 
required by both, and for this reason it is widely distributed 
m the animal and vegetable kmgdoms. 

The plants derive their food material from the air and 
the soil. The CO^ of the atmospheric air finds its way into 
the tissues of the green leaf through small apertures, known 
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as Stomata. These coimmimcate with IntercelMar spaces by 
means of small channels. From there it passes mto the cells 
oontammg Chlorophyll, the green colouring matter of plants. 
The water at the same time is absorbed by the roots from the 
soil, and makes its way up to the leaves with the ascendmg 
sap. The Chlorophyll of the green plants in the presence of 
sunlight builds up sugar from CO^ and water, and sets free a 
ceitam amoimt of oxygen. A carbohydrate thus formed serves 
as food for the plant. The sugar in solution slowly passes 
down the veins of the leaf and the leaf-stalk mto the mam part 
of the plant Durmg day-time more sugar is formed than can 
be transported by this slow process, and the result is that the 
sugar in the sap becomes more concentrated When the sap 
contains more than a certain percentage (0.6 per cent), the 
excess is converted mto insoluble starch, which exists as small 
granules When the plant is removed to darkness these gra- 
nules dimmish m number, and may disappear As the new 
formation of sugar ceases, the amoimt m the sap tends to drop, 
and the starch is reconverted into sugar m order to keep up 
the supply. Thus sugar formed hy Chlorophyll may be im- 
mediately used up by the plant when it is rapidly growing, 
or it may be stored In the form of starch, as food reserve for 
the future Por instance, carrots and turnips store up grape 
sugar, while cane sugar is stored by sugarcane and beetroot, 
and starch by potatoes and nee 

The mteresting pomt is, that in the plant sugar is built up 
from CO^ and H^O m the presence of sunlight But the liv- 
ing matter of plants like that of animals aho breathes, which 
means that it absorbs oxygen and gives off COj durmg the 
whole of its life time, a process which takes place both in sun- 
light and m darkness. It breathes out CO^ which it wants 
back as food, and it breathes in oxygen which it excretes as 
waste product of its food. 

Thi Chlorophyll, which takes such a promment part in 
the metabolism of the green plant is probably the most mterest- 
mg substance m the universe According to the late Sir E 
Bay Lankester, “ this action of Chlorophyll is the critical step 
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in the interaction of cheimeal elements on earth's surface, by 
which life IS at present deteimmed. Were there no assmiila- 
tion of carbon from carbonic acid to form sugar or starch by 
green plants, the whole' fabric of the living world trould tumble 
to the groitnd — in. truth becomes mineralized All living 
matter breaks doivn, vithin a short space of hours or days to 
the resting or mineral condition of carbonic acid and ammonia 
(or nitrates). Were tlie building up process, the raising of 
higher potentiality not necessarily perfbrmed by green plants^ 
a power which Chlorophyll and‘Chlorop]i3dl alone confers on 
them — all carbon must pass from tlie reach of the organic 
world, and living matter come to ah abrupt end ” 

The food of the animals consists of more complex sub- 
stances. But the'y are ultimately dependent on plants for this 
purpose Oaruivol’oui' ammalls live on herbivorous ones, 
which live on plants. Thms all animals live oh food-stiiffs 
which the plants have built iij) It would not be an exaggera- 
tion to sily, that Chlorophyll of the plant is the prime fad or 
responsible for the existence of the entire living world 

The animals thus derive their supply of carbohydrate from 
the vegetable kingdom The animal body is not able tO synthe- 
sise this product from CO^ and K^O as the plants do with the 
aid of Chlorophyll and sunlight. In this respect, animals 
diSer sharply from plants. 

The carbohydrates are eaten by animals, and are finally 
broken up by them into CO, find TT^O and retiuned m that 
form to the atmospheric air Sugar, thus, is widely distri- 
buted in both the vegetable and animal kingdoms, and takes 
an important part in theib metabolic processes. 

Apart from' carbohydrates, the animal body needs pro- 
teins, fats, salts, ‘water and vitamines 

The proteins, which contain Nitrogen m the proportion 
of about 16 per cent, are necessary for the building up of new 
tissues and for repairing tisline Vaste Carbohydrate, s, fats 
and to a certain extent proteins hct as soufce of energy. Water 
ig necessary to prom'ote the solution of substances during 
absorption, metabblism, excretion, etc,, while the salts and 
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vitamines . act as general regulators of Body processes, growth 
and })rotection of body against disease 

Tbe animal body may be regarded as a machine which 
converts the potential energy of food into the kinetic eneigy 
of muscular work ahd heat ' 

The daily output of energy of a man in the foim of mus- 
cular work and heat is about 3,000 large calories It is less 
when a person leads sedentafy life and is reduced to a mmnnuin 
during complete rest m bed On the other hand, physical 
work may increase the daily expenditure from 4,000 to 5,000 
calories or even more Apart from this, there is basal beat 
production or basal metabolism, wlucli, lepresents eneigy ex- 
liended when the body is m a state of metabolic rest, unaffect- 
ed by influences of diet and muscular work, which amounts 
to about 1,600 to 1,700 calories per day m adult men This is 
equivalent to about 39 to 40 calories per bourpersquaie luetie 
of body surface area. In women the figm’o is slightly lower 
In order to meet the energy requirement, the average man 
doing ordinary amount of work need.s food of the caloric value 
of about 3,000 to 3,500 calories. Reckoning that 1 grm. of 
protein is equal to 4,1 calories, 1 grm. fat 9 3 calories, and 
1 grm. carbohydrate 4 1 calorie.s, the average diet should con- 
tain the following proportions of different food-stuffs — 




Calories. 

Protein 100 grins, x 4 . 1 . 


no 

Pat 100 grins x 9 3 


930 

Carbohydrates 500 grin.s, >41 


2.050 


Total 

3,090 


The bulk of the ordinary diet of human beings, especially 
in the tropical and sub-tropical countries, consists largely of 
various carbohydrates. All the starches and sugars of the 
food.s. about 60 per cent of the protein ammo-acids, and about 
10 per cent of the fat, are converted into glucose m the course 
of metabolism Glucose is ultimately oxidized to CO, and 
water and fiu’nishe,s the greater part of llie eneigy which i,s 
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manifested m the shape of muscular work and production of 
heat. The metabolism of glucose thus represents one of the 
most important reactions taking place in the animal body 

II. History of Carbohydrate Food. 

I will now trace briefly the history of carbohydrate food 
in the animal body. 

A. Digestion. 

All the digestable carbohydrate taken in with the food 
IS converted by digestive agencies into monosaccharides, glu- 
cose and Isevulose, and in this form it is absorbed into the 
blood of the portal system. Several enzymes play a part to 
bring about resolution of this carbohydrate material • — 

1 Piyahn of Sahoa . — It is a diastatio enzyme In some 
animals it is secreted in an inactive or zymogen form When 
poured into the mouth, it comes in contact with the mucous 
membrane, and is then comerted into active ptyalm by an 
organic kinase, Orokinase, secreted by small buccal glands in 
the mucous membrane of the cheek and lips. 

It is not a powerful enzyme It acts on boiled starch, 
namely, starch which is in a free state, and not surrounded by 
cellulose envelope On this also ptyalm displays little of its 
activity during the time the food is in the mouth On raw 
unboiled starch with its cellulose envelope intact, its activity 
IS negligible. 

After the food is swallowed and becomes deposi1<ed in the 
fundus of the stomach, the action of ptyalm continues for 
some time. With the secretion of hydrochloric acid by the 
gastric mucous membrane, the slight rise in Hydrogen-ion 
concentration which results, assists the action of ptyalm on 
starch , but when this acid is present in a free state above a 
certam concentration the diastatic action of saliva is inhibit- 
ed and finally stopped. The action of this enzyme is optimum 
in a neutral or slightly acid medium. The duration of salivary 
digestion m the stomach is 20 to 40 minutes, but it may be 
prolonged for an hour or more if the animal remains qmet after 
the meal, so that the mass of food is not rapidly broken up by 
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bodily iiiovoments The products of ptyalm digestion are 
dextrin and maltose. 

2, The Gastric Juice has no action on starch By virtue 
of the hydrochloride acid it contains, it to a certain extent 
inverts sucrose (cane sugar) into glucose and fructose. This 
action IS frequently assisted by the inverting enzymes contain- 
ed in the vegetable food swallo-vved 

3. Amylopsm of Pancreatic Juice. — ^Its action, though 
similar to that of ptyalm, is very much stronger It causes 
hydrolysis of starch quickly with the production of inaltose 
and achroodextrin It also acts on unboiled starch. 

4 Inverting Enzymes in Sncciis Entericus — ^These enzymes 
convert disaccharides into monosaccharides This power the 
succus owes to three enzymes — 

(ji) Imertase or sucrase converts cane sugar into glu- 
cose and Isevulose (fructose) 

(13) Maltase converts maltose iiit.o tvo moleiiules of 
glucose. 

(0) Lactase convert,? lacto,so into glucose and galac- 
to.se Lactase i.s most abundant in young ani- 
mals at that period of life, when lactose i,s an 
important constituent of dietary Animals whose 
food does not contain one or the other of these 
sugar.?, the corre.sponding invertmg enzyme is absent 
from succus entericus Herbivorous annuals, for 
example, do not take any lactose m their food. 
Their succus entericus, therefore, does not con- 
tain any Lactase, although it is present in that 
of the young animals while still suckling 

5 Intehtinal Bacteria. — A certain amount of carbohydrate 
IS attacked by mtestmal bacteria Thej sjilit the Mono- 
saccharides into lower fatty acids. Acetic Acid, Lactic Acid, 
Byt 3 a'ic Acid, vSuccmic Acid, and eases sucli as Methane, CO, 
and Hydrogen, also alcohol This is an obviously desiiuotivc 
•process 

Besides this, the bacteria perfoini a useful function in 
the digestion of carbohydrates, as certain strains of them 
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digest cellulose, for which no special enzyme exists. Eacterial 
digestion is consequently helpful in herbivorous animals. It 
takes place in the csecum, -which is enormously developed for 
this purpose In carnivorous animals, the small intestine is 
relatively shorter than in the herbivorous Thus, in the cat 
it IS three times the length of the body, while 'in the goat and 
sheep it may be nearly 30 times the length of the body. The 
reason for the great size of the caicum and small intestine in 
the herbivorous animals is that practically the whole digestion 
of cellulose takes place m this part of the gut. 

This digestion does not depend on any enzyme secreted 
by the animal itself, but upon the action of bacteria and of 
certam enzymes (cytases) that are taken with the vegetable 
food. 

E. Absorption 

The carbohydrate food is absorbed for the most part as 
simple sugars — monosaccharides 

1. In the stomach hardly any sugar is absorbed 

2. In the small intestine the absorption mainly occurs 

(а) Cane sugar and lactose are inverted by the action 
of invertase and lactase 

If these substances are fed in excess, they are absorbed 
in part without conversion mto simple sugars and may be eli- 
mmated as such in the imne. This Alimentary Glycosuria 
IS particularly evident, when sugar is taken without any other 
food. Thus, it has been found by Macleod that when 17 
healthy individuals were given 6 grins, of cane sugar per kilo- 
gram of body weight, i,t was found that the urine of 10 con- 
tamed sugar one and a half-hour afterwards. The urine of three 
of these men also contained invert sugar, i e., Dextrose and 
Lffivulose. Oane sugar continued to be excreted for 6 to 7 
hours 

(б) Starches — The bulk of carbohydrate food consisi-s 
of starch, and the conditions of its absorption are more favour- 
able. The time required for the digestion of starch to Maltose 
and Dextrme and subsequent inversion of these into Dextrose 
ensures a slower and more complete absorption 
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600 grms, or more of starch may he digested and absorb- 
ed in the ooiirso of a day. It all reaches tlie blood in the form 
of glucose. 

At this stage may briefly consider the significance of 
Blood Sugar and glycogen 

Blood Sugat . — That the blood contauis sugar was first 
demonstrated by Claude Bernard When no absorption is 
going on, sugar in the portal blood is the same in amount as in 
systemic circulation. During digestion, the sugar m the 
portal blood is raised It is also raised in the systemic circu- 
lation, but to a less degree Between the portal blood and 
systemic circulation, there is some barrier, which holds back 
some of the sugar The information as to how these barriers 
hold back the excess of sugar is very inaccurate because of the 
difficulty of collecting blood from the portal vein without 
serious disturbance to the animal This has been attempted by 
Macleod and Bulk During the injection of a solution of sugai- 
into one of the smaller branches of the portal vein, the blood 
sugar 18 compared in the blood of the portal vein with that in 
systemic circulation It has been found, that the percentage 
of sugar IS a little less in the blood of the abdominal vena cava 
than that in the portal vein, and is still less in the blood of sys- 
temic veins, e g , Femoral vein These results justify the con- 
clusion, that the barriers responsible for takmg out the absorb- 
ed sugar from blood exists in the liver and muscles The barrier 
consists in the conversion of Gluco.se into Glycogen. 

Glycogen . — In 1848 Claude Bernard discovered that an 
extract obtained from the liver just after death contained much 
less sugar than one made afterwards He subsequently con- 
cluded that the organ must contain some reserve form of carbo- 
hydrate which he called Glycogen This was a discovery 
of the first importance, for the formation of Glycogen is the 
first step m the metabolism of carbohydrates and Glycogen 
serves as an miportant re,serve form of carbohydrate in the 
body The discovery was all the more remarkable, for it 
showed that a mechanism existed in animals like the one 
already known m plants, by winch excess of sugar m the 
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circulating body fluids is stored m the body as a reserve form 
of polysaccharide 

Glycogen is normally present in the liver of well-fed ani- 
mals varying in amount from 1 t to i per cent of the weight 
of the liver By rich carbohydrate food it may be increased 
to 12 per cent After death it readily disappears owing to the 
action of an enzyme which converts it into Glucose This re- 
action is a reversible one. The liver by virtue of its glycogenic 
function, plays an important r6le m regulating the blood sugar 
level, as the following observations indicate . — 

1. If much sugar is absorbed from intestine, Glycogen 
IS deposited in the liver It seems probable that the presence 
of Insulin IS necessary for this action This prevents the sugar 
in the systemic blood from rising above a certain definite 
level 

3 If the S 3 ^stemic blood sugar tends to fall, liver Gly- 
cogen IS mobilized and is converted into glucose This is due 
partly to impulses along the sympathetic nerves and partly 
to the secretion of adrenaline The Glycogen is converted 
into sugar to keep up the blood sugar at a constant level Tlie 
liver Glycogen is thus diminished bj’’ — 

(a) Exercise. 

(b) Exposure to cold. 

(c) Starvation. 

(d) Injection of Plilondziii. 

(e) Insulin HypogiycsBiuia 

if) Injection of Adrenalin, Thyroxin and Pituitriu. 
The sources of liver glycogen are • — 

(i) Carbohydrates of the Food — This formation of Gly- 
cogen m the liver and its subsequent conversion into glucose 
according to the needs of the body is one of the most interest- 
ing events m the economy of the body Certain sugars are 
du’ect Glycogen formers, namely ; — 

(a) Dextrose. 

(&) Lsevnlose. 

(e) Cane Sugar, after inversion 

(d) Maltose, after inversion 
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Liver can only convert inono&accharides into Glycogen, not 
diaaccliaindes 

(^^) Proteim — ^Protein may give rise to Glycogen under 
certain conditions. Certain ammo-acids when given by 
mouth may give rise to Glycogen — such as glycine, alanine, 
aspartic acid, glutamic acid, etc. The amino-acids are first 
deaminized in the liver, and the non-nitrogenous organic 
acid, which remains, is synthesised to form sugar and Glyco- 
gen. The same happens in Diabetes Malhtus and in Phloridztn 
diabetes Under these conditions Dextrose in the urine bears 
a definite ratio to the amount of nitrogen m the urine The 
ratio IS D N • 3 65:1 (Lusk) It indicates, that both Dextrose 
and Nitrogen are derived from Protein. This happens m pro- 
longed starvation, and in the diabetic This sugar formation 
from protein is checked by Insulin 

Fats — There is some evidence, that glycerine acts 
as a du’ect glycogen or sugar former When fed, especially 
lu the diabetic condition, it causes an increase in urinary sugar. 
The evidence is however conflicting 

Functions of Glycogen . — The ciuTent view is the one ad- 
vanced by Claude Bernard Glycogen forms a temporary reserve 
supply of carbohydrate material, which is laid up lu the liver 
during digestion and is gradually made use of in the intervals 
between meals. During digestion, the Carbohydrate food is 
absorbed into the blood of the portal system as dextrose and 
Iffivulose If these sugars passed through the blood unchang- 
ed, the contents of the systemic blood v onld be increased per- 
ceptibly, causing nyperglycsemia and Glycosuria But this 
excess of sugar is abstracted by liver cells, is dehydrated to 
make glycogen and is rotamed in the liver cells m this form for 
a short period. 

Conversion of Glycogen into glucose is brought about by 
an enzyme Glycogenase, and the process is known as Glyco- 
genolysis. 

We are familiar with the view that Glycogen of the liver 
represents a storage form of carbohydrate But there are 
certain facts, which show that it is also m a sense an mternsl 
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secretion. This was the original view of Claude Bernard, who 
believed Glycogen to be produced out of Protein He, how- 
ever, did not deny that it was capable also of being formed from 
carbohydrate. The modern view seems to be based on this 
original conception of Claude Bernard In the words of 
Cramer, " We should Iqok upon the Glycogen of the liver 
dynamieally, and not, as has been done, statically, as a mere 
store of excess of carbohydrate.’' The following observations 
show that Glycogen seldom entirely disiippeais : — 

1 JSffeels of Htaivalion on Qlyoogen — ^When food is with- 
held, Glycogen at first decreases rapidly and then increases 
again. It has been found by Hershey and Orr, that steady 
increase occurs during later periods of starvation 

This is due to tlie formation of new sugar iii the liver 
during starvation, Ghmneogencsis. The sources of this are 
protein and fat, — mainly jirotein 

2 Although starvation alom? may not cause the liver 
glycogen to disappear completely, it is commonly believed 
that it is so, if the starving aniihal is made to peiform exer- 
cise But it has been shown hy Hershey ahd Orr that — 

(a) In a rat starved for 24 Lours when made to work 
on tread mill for 23 hours. Glycogen of liver 
is 2 per cent. 

(h) In 3 rabbits deprived of food for 48 hours, injected 
with sufficient strychnine to induce convulsion g 
while they were under artificial respiration, the 
Glycogen content of the liver is • — 

(i) .00% when convulsions lasted 38 minutes, 

(i?) .06% „ „ ' „ 44 „ 

{ik) 08% „ „ „ 67 „ 

Thus the Glycogen does not disappear completely even 
after severe convulsions 

3. In pathological conditions, it is doubtful if Glycogeji 
ever entirely disappears. It is always found in depancreatized 
and fastmg animals several days after they have been rendered 
diabetic by withdrawal of insulin. 
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1 After rejjeatcd injections of Tliyroid, Glycogen is 
coniplefcLdy removed bnt some traces still remam. 

Kecent work thus shows that the storage h3T)othesiB of 
the rflle of Glycogen is not enough Som'e facts seem to indi- 
cate that it IS in a sense an internal secretion 

In addition to the liver, the muscles are the other impor- 
tant seat of carbohydrate Storage, but the percentage here is 
less than in the liver, being seldom above 1 , After starvation 
when the liver is almost completely depleted of glyeogen, it is 
still found 111 the muscles 

Glucose m Ihe food gives rise to liver Glycogen which pro- 
vides glucose m general circulation, and from this muscle Gly- 
cogen IS formed Muscle Glycogen does not appear to be again 
broken down to glucose which can pass into circulation. It 
IS also to be noted, that as the Glycogen di.«appeaia irom the 
liver, free sugar appeals m the blood and there is no increase 
of lactic acid. On the other hand vhen muscle Glycogen dis- 
appears, there is no increase in free sugar, but lactic acid ar- 
cumulates almost m proportion to the glycogen whieli has dis- 
appeared. 

Thus, Glycogen must be regarded as an important inter,- 
mediary substance in the metabolism of sugar in the body, 

(C) Intermediary Metabolism oe Carbohydrates 

AND their ITLTIMATE PATE IN THE BODY- 

The ultunate products of combustion of sugar in the body 
are CO, and water The intermediate substances formed 
are not definitely known. The process is dynamic, not static. 
Hence at any given time any intermediate substance which 
may he formed is small m quantity. The knowledge of inter- 
mediate metabolism of carbohydrates therefore is still veiy 
incomplete 

The' work of Emden and Hopkins mdicatos that the prob- 
able changes in the final oxidation of sugar are • — 

1 . Glycogen is converted into gl'ucose, which gives rise 
to Hexose Diphosphate (LactaCidogen), from which Lactic 
Acid IS produced. 
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2 Lactic Acid is converted into rO„ and water. 

In the first series of changes no oxidation occurs. As 
regards the second change, we know chiefly from the work of 
A. V Hill, that in the presence of oxygen one-fifth of the lactic 
acid IS oxidized to CO^ and Hj.0, while the remaining four-fifth 
is reconstructed into glucose or glycogen, presumably through 
the Lactacidogen or Hexose Diphosphate stage. There is a 
series of interlocked reactions, in which the glutathione pre- 
sent in muscle plays an important part In this, as in similar 
processes, Pyruvic acid is an intermediate product, and to a 
slight extent alcohol. 

It IS believed that when the muscle contracts, the actual 
contraction is simultaneous in pomt of time with the change 
from glycogen to lactic acid, and that it is produced by the 
osmotic changes involved through the production of a largo 
number of small molecules from one large one and by the 
change in Hydrogen-ion concentration coincident wii.h the 
production of lactic acid. 

in the absence of sufficient oxygen, as during continued 
severe muscular exertion with partial tissue asphyxiation, 
lactic acid accumulates until a distinct muscle acidosis 
exists. This can be demonstrated m the fatigued muscle 
of frog Litmus paper applied to its cut surface is turned red 
The lactic acid may even pass into circulation, and in subse- 
quent periods of rest may be reabsorbed. 

It has also been shown that in the conversion of glucose 
into lactic acid, apart from Lactacidogen, glyceric aldehyde 
and Methylgloxal or both are formed as mtermediate products. 
The conversion of Methylgloxal into Lactic Acid is due to the 
action of an enzyme (Glyoxylase) as showm by Dakm and Dud- 
ley The knowledge of these intermediate substances is still 
uncertam, but the probability is that the series of reactions 
IS all in the direction of final oxidation into CO^ and H^O 

Apart from this, one other substance is probably derived 
from glucose, namely, Glycuronic Acid It can be obtamed from 
blood, liver, urme, etc , and exists in combination with toxic 
substances such as phenol or camphor, These substances 
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are formed in the body. Whether formed m the body or giyen 
by iiiouth, they combine with Glycuronic acid and are excreted 
as such m the urine m the same way a.s phenol and cresol 
are conjugated with sulphuric acid and excreted. 

(D) Functions op Carbohydrate Food 
1. It furnishes the main souroe of energy for the needs 
of the fcis.sue cells and particularly for muscular work. This 
IS the case also with nerve cells and probably all cells produc- 
ing energy m the living body 

2 Oxidation of sugar furnishes an important source of 
the constant supply of heat needed by the body Each gramme 
of carbohydrate on eoinbustioii gives rise to 1.1 cal. of heat. 

3 Oxidation of .sugar protects the piotein of the body. 
Sugar is the most miportant protein-sparmg food Animals 
can be kept in a state of nitrogen equilibrium on a relatively 
small amount of protein, provided carbohydrates are also 
eaten 

Carbohydrate is a better sparer of protean than fat 
4. Excess of carbohydrate beyond the power of the 
tisanes to store as glycogen is synthesized to form /at. 

6. Carbohydrates may be utilized to some extent in con- 
-'tructive processes Thu.s — 

(a) Niieleie Acid contains a carbohydrate gi’oup. Es- 
permients of Osborne and Mendel show that the 
body can make its own Nucleic acid The carbo- 
hydrate part of it IS derived from the meta- 
bolism of carbohydrates. 

(i) Certain proteins and cerebrosides contain a carbo- 
hydrate gaonp as part of the molecular com- 
plex 

(c) Lactose secreted by the Mammary glands is also 
formed by tbe animal body 
This in brief is the history of the carbohydrate food in 
the living body We may take up the thread at the stage 
when Glucose is circulating in the blood and study its behaviour 
in more detail, 
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111. The Sugar ot the Blood. 

(A) Method of Quantitative Estimation of Elood Sugar. 

In 1775 Dobson first showed m a case of Diabetes that 
blood contained a ,sugar-like substance Claude Eernard, the 
most distinguished physiologist of the 19th century, and one of 
iJie greatest men that Prance has produced, discovered 70 
years later, that sugar was a constituent of normal blood He 
further showed that when rabbifs were made to suffer from 
Glycosiu’ia by puncture of the floor of the fourth ventricle, 
the blood sugar rose, thus establishing a relationship between 
the rise of blood suggr and the occurrence of sugar m the 
urine. 

Chiefly owing to the fact, that the methods for estimating 
blood sugar were rather elaborate and tedious, no great advance 
was made in this field, till Bang discovered his method. 

At the present day a large number of methods are m vogue. 
They ail depend on the reducing properties of glucose, and may 
be divided into the following groups — 

1 Titnmetrio group, in which the reduction of cupric 
to cuprous oxide in alkalme solution is determined by the titra- 
tion of the latter. Bang’s, Bertrand’s and Maclean’s methods 
with their numerous modifications belong to this group 

2 Golorimet))c group, in which the production of red 
colour by reduction of picric acid to sodium picramate m the 
presence of sodium carbonate is determined by means of a 
colorimeter. 

In all my experiments I have employed Maclean’s method 
for estunation of Blood Sugar for 2 cc of blood. Blood is depro- 
teinized m an acid salme solution, and the protein is removed 
by filtration after addition of dialyzed iron. The sugar is esti- 
mated in the flltiate by boiling with alkaline copper solution. 
The quantity of cuprous oxide formed is determined lodome- 
trically 

Colorimetric methods, such as Benedict’s, generally give 
higher results than Maclean’s This is probably due to the 
fact, that results by these methods include Substances other 
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than glucose, such as creatinine. All methods are fairly ser- 
viceahle, but it is important m a series of experiments to stict 
to one method, so that the results are readily comparable and 
thus can be relied upon. Maclean’s method seems to be very 
popular in England and America and a large number of esti- 
mations have been reported, which have established its ac- 
curacy. One of its great advantages is that only a small quan- 
tity of blood ( 2 cc ) is needed for estimation. This can be 
obtamed from a finger prick, and the samples can be obtained 
at frequent intervals, without much discomfort to the patient. 
I have practised this method in Maclean's own laboratory at 
St Thomas’ Hospital. It is to be recommended for accurate 
work 

I also studied Hagedorn Jansen’s method of Blood Sugar 
estimation in Professor Henrique’s Laboratory at Copen- 
hagen, and practised it in my laboratory on my return to 
India But the results obtamed were much lower than with 
Maclean’s method. 

(B) The IST atuee of the Sugar op the Blood and the 
Manner of its Combination. 

In usmg the above methods it is assumed that the reduc- 
ing power of the blood filtrate is a measure of the anioimt of 
glucose present This assumption is not entirely warranted, 
since blood may contain other reduemg sugars. 

Attempts to solve this difficulty have been made on the 
followmg Imes : — 

1. Fermentation mth Feast — The difference m the re- 
ducing power of the blood before and after fermentation with 
yeast has been determmed Any residual reduction which 
may result is presumed to be due to other siihstances than 
glucose. 

There are several sources of error in this procedure — 
(a) The yeast may itself contam reduemg substances. 
{b) It may produce them during its action. 

(c) There is practical difficulty of making certain when 
the fermentation of yeast is complete. 

3 F 
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(rf) Tliere is the uncertainty, that there is no other 
microbial action which destroys glucose. 

Thus this method of yeast fermentation is open to con- 
.siderablo sources of error 

2. ISstmation 0 } Carbon. — Steii'p has introduced another 
method for deteotinc substances other than glucose in the 
blood, the principle of which is as follows — 

(a) The proteins of blood and other colloids are pre- 
cipitated by phosphotungstio acid 
{b) The excess of thie reagent is removed from the fil- 
trate 

{(■) The amount of carbon is determined m one portion 
of the filtrate and reducing power in the other 
The carbon is also calculated from the reduc- 
ing power of the filtrate 

It has been found that m, a great many cases, the carbon 
calculated from the reducing power corre, spends ivith that 
actually obtained, thus indicating that the reducing power 
of the blood was ulue to gluco.se 

In some cases, however, carbon actually found is less than 
that calculated from the reduomg sugar This ,is particularly 
the case lu the diabetic blood This would indicate that the 
blood contained reducing substances with a lower percentage 
of carbon than glucose 

For practical purposes,, wo may say, that the reducing 
power of the blood filtrate is a measure of the amount of glu- 
cose xiresent 

(C) The hlATtmi! op G-liioosse in the Blood 

The blood contams a mixture of a and varieties of glu- 
cose In recent years evidence lias been brought forward that 
there also probably exists a y -glucose, which is more reactive, 
differs from the others in showmg greater reduomg power, 
in rotating the plane of polarised light to the left instead of 
the right, and in being more unstable 

In the ordinary varieties of a and jS glucose, the oxygen 
in the ring form of the formula is attached between the 1st 
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and 4th (Butylene) carbon atoms.* In the imstahle y- 
variety the Imkage occurs either with the second (Ethylene) 
or the third (Propylene) carbon atoms. 
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(Ethylene Oxide structure) 


Hewitt and Pryde in 1920 suggested that during absorp- 
tion of sugar from intestine y-glucose is formed and is ab- 
sorbed as such in the blood These results have not been con- 
firmed by others (Steven, Weymouth, E.eid, Eadie). 

In 1923. Wmter and Smith announced as the result of 
their experiments, that y-glncose occurs in the normal 
blood of man and laboratory animals The evidence consist- 
ed m first removmg the protems from the blood (by Folin’s 
reagent and alcohol) and then examming the filtrate with the 



20 Major s. L, Bjiatia 

p&lariscope wliieli gave readings which, were less dextrorotatory 
than they should have been, as calculated from the rednemg 
power ' ' 

These experiments were repeated by Badie but the results 
were not altogether confirmatory 

Fiu'ther experiments by Winter and Smith show that the 
blood of diabetic patients, as well as of those injected with 
adrenalin, does not contain y-glueose. On the contrary the 
polariscopic readings of blood filtrates showed gi’eater dextro- 
rotatory power than that calculated from the reducing power 
The interpretation is that these hyperglysemic bloods con- 
tain complex SLiga.rs which have a higher rotatory but lower 
reducing powers than glucose The beneficial effect of In- 
sulin in such oases is therefore believed to be due to the pro- 
duction of y-glucose They conclude that tlie body has the 
power to manufacture y-glucose from the a and ^ varieties. 
This is believed to be tlie result of the action of an enzyme, 
which lb activated hy Tnsulm 

These results arc highly mterestmg but have not received 
general confirmation Winter and Smith in a subsequent 
paper concede that a further reconsideration of the y-glucose 
hypothesis is necessary There is no doubt, that research on 
these lines will yield valuable results. 

(D) The Sugar Combinations in the Blood 
Combination of .sugar with protein is a possibility, and 
must be borne in mmd when considermg experiments regard- 
ing the natiu’6 of glucose, e,speeially those dealing with its 
reducmg and rotatory powers It has been shown, that 
.sterile mixtures of glucose and intestinal mucosa (or other 
tis.sue) treated with alcohol and mcubated to 120° C., and then 
cooled to body temperature show that the rotatmg power 
becomes less, while the reducing power is hardly affected. 

But considering the contradictory results published m 
regard to the nature of sugar m the blood m recent years one 
may say that so far the evidence seems to be that all the avail- 
able sugar in the blood exists there in simple solutions and 
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that the evidence m regard to the existence of y-gkicosc is 
still uuconfii'med 

(E) OONCBNTRATIOM OE BXJGAE IN THE HUMAN BlOOD 

WITH Special Refekence to the Blood of Indianjs. 

In eoinparmg the Wood sugar concentration m the blood 
of different animals, it is essential to hear m mnid that a 
definite increase occurs after taking food especially that rich 
in carbohydrates > 

In order to determine the basal figure, it is necessar.ii to 
estimate the blood sugar the first thing m the moaaimg after 
the night’s fast, or about -I hours after Iho last meal, Tins 
is known as the fasting value of Blood Sugai 

The fasting value of blood sugar in Europeans aceordmg 
to various workers vanes from .08 to 12 per cent, the aver- 
age being 0.1 per cent 

The conditions in India are different from those in Europe 
and America Apart from marked variation in climate, one 
must take into consideration the dietetic habits of the vast 
majority of the people of this country Here a large number 
of persons, especially the Hindus, live on a pm'ely vegetarian 
diet rich in Carbohydrates It seemed to me, that in view of 
the frequency of Glycosuria in this country, it w'as necessary 
to mvestigate how far this symptom was purely physiological 
dependmg mainly on a rich Carbohydrate diet The object 
of the investigation was to determine the normal blood sugar, 
and the tolerance for sugar m Indians livmg on a purely vege- 
tarian diet, rich in Carbohydrates, as well as m those living 
on a mixed diet of meat and vegetables. The subjects were 
medical students, members of the teaching staff, and labora- 
tory servants m the Physiology School, Grant Medical Col- 
lege The selection was at random, they were all normal 
healthy persons doing their usUal daily work. It is not an 
easy matter to classify Indians into vegetarians and non-vege- 
tanans, for both partake of a large quantity of Carbohydrate 
in then meals, the quantity being much larger than in the 
case of Europeans The diet of a strict vegetarian Hmdu in 
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Bombay consists of rice, dal, vegetables of different kinds, 
such as potatoes, canliflo-wers, cabbage, brinjal, peas, leaves 
of different varieties, cucumber, etc., sweets, milk and its pre- 
parations, e.g , curds, butter-milk, ghee, butter, also ooooanut- 
oil, and fruits, such as bananas, mangoes, oranges. They all 
contain a large quantity of sugar In Bombay, rice and not 
wheat is the staple article of diet, but a certain amount of 
wheat IS also taken in the form of chapaties and puries. On 
the other hand those who are not strict vegetarians do not 
take meat habitually and their diet also consists largely of the 
articles mentioned above. They take mutton, fish, chicken 
or eggs occasionally and on the average not oftener than once 
a day For practical purposes, I included all those, who never 
touched meat aud lived habitually on dal, rice and vegetables 
as vegetarians, while those who in addition to the above took 
either mutton, fish, eggs or chicken at least once a day as non- 
vegetarians. Ho special diet was prescribed before the test. All 
the persons were examined under perfectly normal conditions. 

The estimations were carried out after the night’s fast 
in the mommg before any meal was taken, or four and a half 
to five hours after the last meal, so that they were m a state 
of metabolic rest and variations in blood sugar followmg meals 
were not allowed to interfere with the test. 

The blood was obtamed from finger prick, and estimations 
carried out by Maclean’s method for 0.2 e.c. of blood. 

The subjects were between the ages of 17 and 40 years. 
I obtained data from 60 normal persons altogether. Of these 
29 were classified as non-vegetarians and 31 as vegetarians. 
The results were as follows : — 

(1) The average fastmg level of all the 60 persons was 
0.117 per cent, 

(2) The average fastmg level of 29 non-vegetarians was 
0.107 per cent, extremes bemg .084 per cent and .246 per cent 

(3) The average fastmg level of 31 vegetarians was .126 
per cent., extremes bemg ,084 per cent and .246 per cent. 

It will be seen that although the average fasting level 
of Blood Sugar of all the 60 persons is about the same as that 
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of the Biuopeaus, yet there m a slight difference het-wetn the 
average for vegetarians and non-vegetarians, that of the vege- 
tarians hcing a little higher 

The result of the Sugar Tolerance in the tivo cases, I will 
discuss later 

The observations on the blood sugar of noimal inhabi- 
tants m the East are not as many as one would like to have, 
considering the prevalence of Glycosuria in this conntiy The 
followmg records are of special interest ; — 

1. McCay, Ratish Ohandra Banerjee, Lai Mohan Ghosal, 
Madan Mohan Dutta, and Charubratta Boy investigated the 
blood sugar and sugar in urine of the Bengalies in 1917 The 
average of 50 Bengalies in normal health was 0 130 per cent, 
the extremes being 0 087 per cent and 0 2 per cent. They 
ascribed this high blood sugar to excessive carbohydrate diet 
and want of exercise. 

2 Brahmachari and Sen (1926) working on Bengalies 
obtained similar results 

3, Van Langen also demonstrated an exceptionally high 
sugar content m the blood of healthy v lute inhabitants of the 
Dutch Indies and blamed the climate foi this abnormality 
He expressed the opinion that the persona suffering from 
diabetes should not immigrate to the Tropics 

4. S M Lmg reports observation, s on 260 Chinese, and 
says that the average blood sugar in the Chinese la 096 per 
cent. 

Fcetal blood sugar exists at a lower level of concentration 
than that of the mother, but rises near the tune of birth 

In healthy infants, 3 to 6 hours after nursing the amount 
varies from ,086 to 125 per cent, the mean hemg 107 per cent. 

(F) Concentration of the Sugar in the Blood of 
Lower Animals 

1 Dog (A carnivorous animal ) 

(a) The fastmg blood sugar of 9 dogs in the Phy,sio- 
logical Laboratory, Grant Medical College, wa.s 
determined The results are as follows ; — 
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Dog No. 1 

(Male) 

Blood Sugar 
Per cent. 

0.072 

„ iTo. 2 

„ 

0.074 

„ Ho. 3 

„ 

0.072 

„ Ho. 4 

„ 

0.063 

„ Ho. 6 

„ 

0.063 

' „ Ho. 6 

(Female) 

0.072 

„ Ho. 7 

„ 

0.072 

' „ Ho. 8 

„ 

0.072 

„ Ho’ 9 

„ 

0.072 


Average Wobd sugar ol 9 dogs — 07 per cent, extremes 
beuig 0.063 ^er cent to 0.074 per cent 

,{b), Camnudge and Howard estimated the blood sugar 
of 9 dogs and found average fasting level to he 
, , , 0 ,083 per cent, extremes being 0 . 074 per cent and 

0.090 per cent. 

(c) Oppler and Eona estimated the blood sugar of 4 

dogs and found the average to be 0 086 per cent, 
the extremes being 0.073 per cent and 0.102 per 
cent. 

(d) Macleod and Pearce estimated the blood sugar 

immediately after etherization and found the 
average to be 0.111 per cent, the extremes being 
.076 per cent and .146 per cent The latter 
which 18 a little higher level, may be due to the 
effect of the ansesthetic. 

(c) Embden, Luthge, and Liefmann estimated the 
blood sugar m unsesthetized dogs and found 
' 0.061 per cent and 0 088 per cent as the 

extremes. 

Thus, most of the observations seem to show that the 
average blood sugar of dogs ranges from .07 to . 08 per cent 
2. Babbit. (A herbivorous animal ) 

{a) The blood sugar of 7 rabbits was estimated in my 
Laboratory. The results are as follows . — 
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Blood Sugar 
Per cent 

liabbit bTo. 1 (Female) . 0.10 

„ ISlo. 2 „ . 0.10 

„ Jlo 3 „ . 0.072 

„ No. 4 „ .0 072 

„ No 5 .. . 0.072 

„ No b „ .0 103 

„ No 7 „ . . 0 10 


The average blood .sugar ot 7 rabbits therefore is 0 088 per 
cent, the extremes being 0 073 per cent and 0 102 per cent 

(&) Paiiimidge and Howard estimated the blood .sugar 
of 26 rabbits and found the average blood sugar 
to be 0 083 per cent, the extremes being 0.080 
per cent and 0.096 per cent. 

{(•j Jones working with Maclean’.s method found the 
average blood sugar of 16 rabbits being 0.068 
per cent and 0.136 per cent 
(cl) Scott and Ford found the average of 27 rabbits 
to be 0.118 per cent. 

(f) Badie found the average of 167 rabbits to be 0.116 
per cent 

All the above figures agree very closely. 

The blood sugar level of rabbits vanes considerably under 
normal conditions. There is an interestmg observation of 
Cammidge on record showing that these animals are pecu- 
liarly liable to emotional disturbances, which raise the percent- 
age of blood sugar in these animals A rabbit showed fasting 
blood sugar value of 0.096 per cent on many occasions After 
a meal of oats and cabbage its blood rose to 0.138 per cent. 
The next day its blood sugar gave the same fastmg value, but 
shortly after it had its usual feed of oats and cabbage it was 
frightened by the sudden entry of the Inspector of Vivisection 
into the Laboratory On this day its blood sugar one hour 
after the meal was 0 376 per cent, which was much higher than 
usual. 
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J. P Bose and Acton -while studymg the variability in 
rabbits used for the assay of Insulin found the average blood 
sugar to be 0 11 per cent. The animals consisted of -white rabbits, 
Bro-wn Belgian hare rabbits and the black and -white variety 
They found a marked difference m these animals in regard to 
the reduction of the amount of blood sugar after insulin and 
they ascribed this variation to the colour of the animal The 
white rabbit was least alfectod by insulin, -while the black and 
white varieties had convulsions due to Hypoglyeannia I'hese 
animals are very liable to get a rise of blood sugar owing to 
fright, which is due to the increased output of adrenalin 

3 Frogs — {a) In the Physiological Jjaboratory, Grant 
M-edical College, the blood sugar of 13 frogs was estimated. Tn 
-I the blood was obtained from the Sinus Veuosus directly, 
and in 9 from the Pemoral Vein The results are as follows : — 
(i) Blood fum f^rnus Ycnosus (Rana Tigrina) 

Blood Sugar. 

' Perceni, 


Frog No. 1 

0 164 

„ No 2 

0 101 

„ No. 3 

0.164 

No 4 

0 170 

{ti) Blood from the Femoral 

Vetn (Rana Tigrma). 


Per cent 

Frog No .5 

0.028 

,, No 6 

0.028 

„ No 7 

0 028 

„ 1^0 8 

0.028 

,, No. 9 

0.028 

„ No 10 

0 028 

„ No 11 

0 028 

„ No. 12 ’ . 

0 028 

„ No 13 

0 028 

The blood sugar m the femoral vein was uniformly 
0.028 per cent, while it was much higher in the blood obtained 

directly from the smns venosns. 

the average being 0.165 per 


cent. 
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This difference is very significant, and furtlier investi- 
gations are in progress I think, the diflerence is piobalbly 
due to the fact, that the blood in the sinus venosus is mixed 
largely -with that coming from the liver, while that in the 
femoral vein is poor m sugar owing to its having circulated 
through the tissues, where a good deal of the sugar has been 
consumed 

Differences in the blood sugar content of the venous and 
arterial blood of man have also been noted, the amount being 
slightly higher in the arterial than in the venous blood 

(h) Bang estimated the blood sugar in the Eana Tempo- 
raria and Esculenta and found the amount to vary from 0.02 
per cent to 0 05 per cent These figures agree very closely 
with those obtained by me in the blood from the Femoral vein 
of Eana Tigrina 

4 The blood sugar of most mammals is on the average 
0 1 per cent It is a little higher m birds, being about 0 203 
per cent in chicken and fowl. It is also found m the blood of 
fish, the amount bemg relatively higher m the river fish as 
compared with the deep-sea fish 

(G) DlSTEfBUTTON OP SUOAR BETWEEN THE OOEPURCLES 
AND PLAfSMA. 

Two methods are employed to mvestigate this problem : — 

1. TTiP Direct Method . — This consists in : — 

(a) Oentrifugmg the blood immediately after removal 
from the body 

[h) Pipettmg off the Serum or Plasma. 

(o) Washing the residue with isotonic saline. 

{d) Determmmg the sugar separately m Plasma and 
residue. 

This method is not satisfactory because- — 

(i) It IS difficult to precipitate all the proteins from 
the corpuscular sediment. 

(ii) Washing the corpuscles alters the sugar concen- 
tration withm them The sugar tends to diffuie 
from the corpuscles mto the saline solution. 
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(lii) fTlyoolybi.s occiu’iJ rapidlj" m the yedimeiil and 
leads to a considerable lowering of sugar con- 
centration 

2. The Indirect Method — This consists in — 

' (a) HileaSiiring the sugar contained in a sample of blood 

(b) Measnrmg the s'ligar contained in a, sample of 
plasma obtamed by rapid centrifuging 
(e) Mtasiiring the jjroportion of corpuscles to plasimi 
‘ bj*^ the ' Hannatoerite 

Having obtamed these data, it is easy to calculate tlie 
coneelitration of sugar in the plasma and corpuscles The 
indirect method is more satisfactory than the direct In 
recent work the, following technique has been adopted • — 

. (cv) Blood IS . centilfiiged ni a ligatured portion o f a 
large vein ; or it is received into paraffined tubes 
and centrifuged. The corpuscles are thus sepa- 
rated 

(&) The percentage of sugar is determined m the whole 
blood and plasma sepaiatcly, and the percent- 
age ni the corpuscle, s is calculated by the djlfer- 
ence 

Even according to this method some error is likely to 
arise Separation of corpnscle.s' from the plasma should be 
rapid, since there is a tendency immediately after the blood 
IS shed for the equalization of concentration to take place by 
diffusion. 

TJpto about 1921 , it was thought that the amoimt of sugar 
in the plasma and corpuscles is approximately the same. But 
Hogler and Ueberrack state, that m the rabbit the proportion 
of sugar m the corpuscles is very small as compared with that 
m the plasma. By usmg anticoagulant, it has been found that 
the human corpuscles contam 0 05 to 0 08 per cent sugar. If 
.stringent precautions are taken to obviate diffusion and the 
livmg test tube method is used for centriTugalizmg blood, the 
amount m corpuscles m man is found to be 0 . 06 per cent, and 
in plasma 0.26 per cent The difference is also marked in the 
blood of dog 
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In the hlood of diabetic patients, it has been found by 
Frank, that the plasma decidedly contains moie sugar than 
corpuscles. 

It is interesting to note, that washmg the corpuscular 
sediment causes the corpuscles to lose the power of absorbing 
glucose. Some change takes place which reduces their per- 
meability to glucose 

On the whole it would appear that in the passage of sugar 
through the membrane of the corpuscles the same laws hold 
good which are applicable to the diffusion of tugar into issue 
cells generally. 

The present consensus of opinion seems to be that the 
corpuscles contam very much less glucose than plasma. 

Glycolysis in the Blood — ^After blood is shed, there is a 
tendency for the blood sugar to disappear This varies with 
the temperature of the blood and the species of the animal. 
Thus in normal dog .s blood at body .temperature fiO per cent 
sugar disappears m two and a half hoiirs, while much less dis- 
appears in the blood of normal pig, sheep and ipabbit As a 
rule it IS more marked in the blood of carnivora than herbi- 
vora. 

There is evidence that glycolysis is depressed in the blood 
of diabetic patients Denis and Gilc.s have investigated this 
relationship between glycolysis and diabetes, In severe cases 
glycolysis is much diminished, and is practically absent in 
coma. 

The following factors hasten the process of Glycolysis . 

1 Agitation of blood In nnagitated blood the process 

IS comparatively .slow 

2 Bubblmg free oxygen through blood. Absence of 

oxygen, however, does not stop the iirocess. 

,3. In centrifuged deposit of blood the process nceiu’s 
rapidly. 

4. Suspension of Leucocytes (eg, sterile pus diluted 
with Lock’s solution) has a high glycolytic power Red blood 
corpuscles also show it m the absence of white blood corpuscles, 
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The following factors retard Glycolysis; — 

1 Potassium Oxalate in concentration of 0.1 per cent 

or over 

2 Fluorides 

3. Plasma or serum free from leucocytes 

4. Frequent washing of red. blood corpuscles by centri- 

fuging with isotonic saline deprives them of their 
Glycolytic power At the same tune it renders them 
incapable of absorbmg glucose This suggests that 
Glycolysis is an intracorpuscular piocess. 

Glycolysis does not occur in the fish blood. 

Hu’udin has no effect on the process. There seems to be 
some relationship in the blood of different animals between 
the rate of glycolysis and the permeability of red blood cor- 
puscles to glucose For instance, glycolysis is poorly develop- 
ed m the blood of rabbit, the corpuscles of which are imper- 
meable to glucose, whereas it is rapid in the blood of the dog, 
ill which the permeability of the corpiiscle.s is high 

The glucose which disappears durmg Glycolysis is either 
broken down to non-redncing sugar derivatives or polymeris- 
ed to form disaccharide.s or lower dextrines Mellauhy has 
shown that Lactic Acid accumulates in the blood after removal 
from the body, which also explains the diminution m the alka- 
line reserve which occurs. 

The importance of Glycolysis from a practical point of view 
is that m making blood sugar estimations care sliould be taken 
that no glycolysis occurs in the blood after its escape from the 
body and during the experimental procedure, otherwise the 
results would not. be reliable 

Source of Sugar of the Blood — X have already described 
the source of glycogen in the body The sugar of the blood) 
which amounts to 0 3 per cent approximately m a fasting mdi- 
vidual IS derived mamly from the carbohydrates of the diet, 
which are absorbed as glucose m the portal circulation. While 
cireulatmg through the liver, the excess of glucose is convert- 
ed into glycogen. This mechanism keeps the concentration 
of sugar m systemic circulation within certain definite limits. 
According to the needs of the body this glycogen is reconverted 
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into glucose by the action of glycogenase. After death this 
lirocess of glyoogenolysis is very much accelerated, but during 
life it IS kept under control If for some 'reason or other there 
IS weakening of glycogenesis, or excess of glycogonolysis, it 
may lead to Hyperglyeseniia and Glycosuria 

There as evidence, as already mentioned, that Glycogen 
and blood sugar may he formed from non-carbohydrate material 
also, namely, proteins or fats, a process known as gluconeo- 
genesis Studies m the Bespiratory Quotient show that this 
occurs in normal animals When carbohydrate is undorgomg 
metabolism E Q is 1. It is 0 8 with protein and 0.7 
with fat metabolism During starvation, it often becomes 
less than b 7, showmg that oxygen is retamed m the body, 
This retamed oxygen is incorporated into .substances Laving a 
high oxygen content Proteins and fats contain only 12 to 
20 per cent of oxygen, while carbohydrate contams about b3 
per cent The retained oxygen, therefore, must under those 
conditions be utilized in the conversion of part of protein and 
fat into carbohydrate material 

In severe Diabetes Mellitus, blood sugar contmnes to be 
high even when all, carbohydrate , food is withheld Under 
those conditions, sugar is derived from proteins in the body, 
Glueoneogenesis occurs Diabetes can be mduced by the 
injection of Phloridzm m an anirpal The direct effect of the 
drug is to produce mcreased conversion of glycogen into glu- 
cose There is no Hyperglycannia, but marked Glycosuria. 
After a time, when all stores of glycogen have been exhausted 
sugar excretion stops and remains remarkably constant There 
IS now 11 deflmte ratio between the amount of glucose and 
nitrogen excretion This D H ratio becomes 1 3.65 when 

glycogen is completely exhausted, and the sugar is derived from 
protem. It is maintamed as such when the animal is fed 
on protem This is a very valuable method of ascertaining 
the source of blood sugar. Experiments on phlondzmized 
animals have shown that sugar may be formed from Glycol 
Aldehyde, Glycerol, Lactic Acid, Propyl Alcohol, Methyl- 
glyoxal, Alanme, Glycocoll^ Aspartic Acid, Glutamic Acid, etc, 
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Thus, -we may say, that in addition to carbohydrates, the 
proteins and, to a certain extent, fats may bo the source of the 
sugar supply in the body. 

Concluding Bemarics — These are some of the mam^ facts 
about the physiological significance of blood sugar We have 
considered the r6le of carbohydrates in the diet, their diges- 
tion, absorption, intermediary metabolism, and ultimate fate 
in the body I have dealt with the methods for estimatmg 
blood sugar, and have discussed its nature, the question of 
its distribution between plasma and corpuscles, the pheno- 
menon of Glycolysis, etc As regards the normal amount of 
blood sugar, I have pomted out my own observations, which 
show that it IS slightly higher m the case of those Indians who 
are ‘ vegetarians ’ than m ‘non-vegetarians’. Many more 
normal data should bo obtamed in India. GChere is a great 
necessity for investigatmg the normal physiological constants 
m the mhabitants of this country. The data given for 
Europeans and Americans would not do for us, for there are 
important climatic, dietetic, environmental and other 
differences. 

The consideration of the source of blood sugar leads us 
to the question of the influence of diet and other factors on it_ 
This together with the Sugar Tolerance Test and the varia- 
tions in the amount of blood sugar in health and disease, we 
shall consider in the next lecture 

LECTURE II. 

(Chairman ■ Db B. K, Naeayan Eao.) 

Me. Chaieman, Lauxes aud Gehtlemen, 

The sugar of the blood is derived mainly from the carbo- 
hydrates of the food While describmg the procedure for 
estimating blood sugar, I said, that it was necessary to bear 
in mmd that a definite mcrease occurs after taking food, 
especially that rich m carbohydrates. We may consider now 
more fully what this effect is ; — 
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1 Effect of Food on Blood Sugar . — nimiTber of obser- 
vations were carried out in my laboratory to study the be- 
haviour of blood sugar after an ordinary meal. The fasting level 
of blood sugar of the following three laboratory .servants was 
first estimated Then each of them took them ordmary meal 
and the blood sugar was e,stimated at half-hourly intervals 
afterwards, 


Blood Sugar Easting Level . . . . 0 081 

Bo Half hour after meal . 0 lU 

Bo One do, . . 0 109 

Bo One and a half hours after meal 0 079 

Do Tiro hourc do . 0 088 


The meal consisted of rice, tomatoes, mutton-eui’ry, curd, 
chapatties, onion, pickles and one banana Total weight, 
two and a quarter pounds 


I. 

I 


i 



Fig. 1. 

Keshav Effect of Food on Blood Sugar. 

2, Sttaram. 


Blood Sugar Fasting Level . 0 079 

Do Half hour after meal . 0 109 

Do One do 0,109 

Do One and a half hours after meal . o 079 

Do Two hours do 0 089 


The meal consisted of rice, dal, and vegetables. Total weight, 
two and a quarter pound, s. 
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Fig. a. 

Sitaiam Effect of Food on Blood Sugar 

8. Jaieam Gopal 


Blood Sugar Fasting Lord 0 078 

Bo. Half hour after meal . 0 10? 

Bo One do 0 ’0? 

Bo. One and a half hours after moal 0 078 

Bo. Two hours do 0 079 


The meal consisted of nee, dal and vegetables. Total weiglit, 
one pound ten onneeg. 



7J.1J, i. Suniyri, 


Fig. 3. 

Jauain Gopal Effect of Food on Blood Suger„ 
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All these three cases show that after an ordinary meal there 
IS a moderate rise of Blood Sugar, which reaches its maximum 
about thirty mmutos after the meal The amount then 
abruptly falls, reaching the origmal fastmg level in about one 
and a half to two hours. Bm'mg the day after every meal 
there is a rise followed by a fall. This increase is specially 
marked after a carbohydrate meal, namely, rice, bread, pota- 
toes, sugar, sweets, etc. After a mixed meal, the amoxmt of 
rise in blood sugar depends largely on the amount of carbo- 
hydrate in the diet 

The Sugar Toleianee Test — Based on the above physiol- 
ogical fact that blood sugar rises after a carbohydrate meal, 
various tests for sugar tolerance have been devised. At the 
present moment the test which is most widely practised and 
which gives most valuable information is that introduced by 
Maclean 

Coelho and I carried out certam investigations on the 
Sugar Tolerance on Indians with the method advocated by 
Maclean ; — 

1. The experiments were performed on normal persons 
after the night's fast, or four and a half to five hours after the 
last meal. 

2 The blood was obtained from the finger prick and 
ostunated for blood sugar by Maclean's method for 2 e.c of 
blood At first the fasting level of blood sugar was estimated. 
Then 50 grms of glucose (pure Merck’s) dissolved m 160 c.c. 
water was given by mouth. 

3 Blood sugar was estimated at half-hourly intervals 
for two hours after the administration of glucose 

4 Urme was examined for sugar before and at one-hour- 
ly mtervals after the admniistration of glucose. 

I have some observations m which 60 grms of cane sugar 
was given instead of 50 grms of glucose 

Altogether, I have records of 60 normal persons (Indians) 
in whom the Sugar Tolerance Test was carried out The ages 
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were between 17 and 10 years. All the subjects were roughly 
divided into non- vegetarians and vegetarians as explained m 
the previous lecture in order to ascertain the effect of diet on 
Sugar Tolerance 


1 Tho average data obtained from all tlie 60 persons 
so examined are as follows — 


Blood Sugar Fasting lie\el 

Do, Half Iioui after 611100^.6 

Do Olio do 

Do One aird a half hour's after gluonao 

Do Two hours do 


Per oerrt 
0 117 
0 161 
0 112 
0 129 
0 115 


I". 


3 oa. 
po 

i 



Fig. 4. 

Snnai Toloana Test Average Data from 60 Normal Persons, 


2 Out of 60, 29 were nou-vegetarians, from whom the 


foil owing average data were obtained ; — 

Per cent 

Blood Sugar Fastrng Level . o 107 

Do Half hour after glucose 0 155 

Do. Oire do. 0 13S 

Do One attd a half hoirrs after glrrcose 0 117 

Do. Two hours do .. 0 103 
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Fig. 5. 


,Sii</a; roleiancc Test Average Data obtainedirom 29 Non-Vegetarians 

3 Out Of 60, 31 TPere vegetarians, from whom tlie fol- 
lowing average data were obtained : — 

Jilo )(1 Bimai Easting Level . . . 0 12 n 

Do ' Half houi after glucose ,, 0 107 

Do One ilo . . 0 lol 

Do One and a halt hours after glucose 0 139 

Do Tuo hours do. . 0 120 



" t ' 't i 

Fig. 6. 

Sugai Tolerance Test Average Data from 31 Vegetarians, 
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These ohservations sho-w that the average lasting lG\el of 
blood sugar m Indians i8 slightly higher than the figure quoted 
for European countries, namely, 0.1 per cent. There are slight 
hut definite differences amongst Indians according to diet, 
the piu’e vegetarians having a slightly higher level of blood 
sugar than non- vegetarians 

The Sugar Tolerance Test shows' the same characteristics 
as those reported for European countries, After giving glu- 
cose by month, there is commonly an increase in blood sugar 
amonntmg to 30 to 40 per cent of the normal This may be 
called Postprandial Hyperglyceemia It reaches li-s maximum 
in about 30 to 60 mmutes after glucose, then it falls abruptly 
reaching the preglncose level in one and a half to two 
hours. In the fii'st curve the maximum reached is 0 161 per 
cent, in the second 0 155 per cent, in the third 0.167 per cent. 
Thus the maximum varies somewhat, and it may bo noted that 
it IS slightly higher m the vegetarians than in the non-vcge- 
tarians Immediately after the maximmn concentration is 
reached a sudden change takes place. The blood sugar falls 
and m one and a half to two hours it is at the preglucose level. 
In some cases it is actually lower 

Hffeet of Age, — (a) It is found that in children under 
three years of age, the rise m blood sugar is less marked The 
maximuna concentration is seldom above 0.12 or 0.13 per cent 
(&) In children above three years, it shows the same sort 
of curve as in the adult. 

(e) In old age, the curve is more prolonged, and even 
after two or three hours the blood sugar may be above the 
preglncose level, le , 0.13 or 0.14, per cent. 

Influence of Sex. — There is no difference m the Sugar 
Tolerance Onxve of men as compared with that of women. 

It may be observed that blood sugar after 60 gxms of 
glucose is seldom above 0.18 per cent m normal adults 

JEffecis of different Sugars on Blood Sugar Goncentraiion — 
I investigated the effects of the following sugais m addition 
to glucose, on the blood sugar concentration of normal 
persons ; — 
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1 . Cane Sugar. 

2. Lsevulose 

3. Galactose 

1 . Cane tiugar gives practical^’ the same sort of Sugar Toler- 
ance Cui’ve as glucose Tlie curves, ho-wever, are not so regular 
Cane sugar is readily inverted by the inverta&e m the Succus 
Entericus into Dextrose and Lsovulose and is absorbed as such 
Of the 13 individuals examined, there v?as a rise in blood sugar 
in all except one in the first half hour ' G'he maximmn rise ■was 
perhaps u little highei and a In tie more delayed than in the 
case oi glucose The slight fall in the first half hoiu’ obseived 
m one case may have been due. as Caniinidge suggests, to 
relative increase m the alkaline bases of the blood produced 
by the secretion of Hydrochlone Acid into the stomach The 
blood sugar generally comes down to the normal level alter 
two hours. 

2 l/ceoulose , — It is well knovn that when Isevulose 
18 given by month, it does not produce any rise in blood .sugar, 
as it is leadily converted into glycogen in the liver T’or this 
reason it is employed to test the efScicney of the liver It the 
liver is deranged, Isevulose produces a rise in blood sugar 
like glucose It may also be pointed out that in a well-estab- 
lished case of diabetes, Isevulose produces a rise in blood .sugar 
and gives the same sort of curve as glucose The following 
observations on three normal persons may be noted ; — 

Xo 1 A'. 


Pei cent 

Blond Sugai Pasting Level . , * . 0 lOl 

Do. Half hour after 50 guns. Leevuloae ' . . 0 101 

Do. One do , o 09i 

Do. One and a half do . . . 0 10 

Do Two do . 0.101 


Unne — ^No sugar in urine prior to the administration of 
Imvulose Slight trace m samples collected afterwards at 
intervals of one and two hours as tested with Benedict's 
method. 
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OH 

i-0 



^ HO, 
007 


Fig. 7. 

‘ A ’ Effect of AdmiDistration of 50 grms. of Laevulose on Blood Sugar 

No. 2 ‘B ’ ^ 

Blood Pugar T'a'jtiiig Lovel . . . . 0 10 

Bo Half Jioui aftoi 60 gims Lsevulosc . . 0.10 

Bo One do . . O.iO 

Bo Onoandalialf clo O.OOG 

Bo Two do 0 1 

Vnne . — sugar m luune prior to the administration of 
ia^valosp Slight trace in the two-honrly sample, as tested 
with Benedict's method 


OIS, 



Tumi w Jmh. 

Fig. 8. 

Efiect of Administration of 50 grms.''of Laevulose on Blood Sugar. 
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IfO 3 ‘0’ 

Blind Sugai Fastiug Level . 

Do Half hour after 50 grins I osvnlo&o 
Do One do 

Do One and a half do 

Do Two do 

Home — jSTo sugar in urine prior to the administration of 
loivulose Both the one- and the two-hourly samples showerl 
definite reduction, as tested with Benedict’s method 


Per cent 

0 089 
0 (104 
0 10 
0 10 
0 0S9 


i'l.io 

0 0^ 


■i ’■ 


Fig. 9. 

'C ■’ Effect of Administration of SO grms. of Laevulose on Blood Sugar 


It Will be seen, that there is no rise of blood sugar after 
administration of laevulose m any of the three cases observed. 
The blood sugar remains almost at the prelaevulose level 
throughout. It may be noted that in all the three individuals 
there was a slight trace of reduemg sugar m the urme after 
the administiation of laevulose Supposmg that Iseviilose 
IS readily converted mto glycogen m the liver the tests show 
that the liver of these cases v\ag functioning efficiently. 

3 Galactose — The mfluonce of galactose on the beha- 
viour of blood sugar and sugar in the urine was mvestigated 
m five normal persons. The results are as follows • — 
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Rci cent. 

JJloocl Sugar lasting Level . 0 084 

Do Half lioiii after CO grms Galactose O.ISS 

Do One do 0.108 

lit) OnoairdahaH do . 0 12 

Uo Tivo do (I 085 

Unne . — No ougiir prior to tlio admimstration of Galuc- 
iose. One-lioiu'ly .sspiiplo after galactose coiitamed 0.7 per 
cent reducing sugar, and the t-wo-hourly sample 2.2 per cent. 



Fig. lO. 

No. 1 ‘SR’: Effect of Admimsttatlon of 50 grms, of Galactose on 
Blood Sugar* 

No. 2 ‘B’. 


Blood Sugar Pasting Level . , ' . .0 129 

Do, Half hour after CO grins, Galactose *, 0 129 

Do. One do . 0 152 

Do- One and a half do .. .0 149 

Bo. Two do , 0.089 
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Urine . — Ho sugar prior to the arlmmistration of Galao- 
tose. One-hourly sample after galactose oontamcfl 1 2 per 
cent reducmg sugar, and two-hourly sample 2 . 9 per cent 



Fig. 11. 

No. 2 ‘ ' Effect of Administration of SO grms. of Galactose on 

Blood Sugar. 


Ho, 3 

Blood Sugar Fasting Level. 

Do. Half hour after 60 grms. Galactose 

Do. One do 

Do. One and a half do. 

Do, Two do. 


Per coot 
0 08‘2 
.. 0 lOd 
.. 0 10(1 
. 0.129 
. 0.107 
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No sugar prior to the administration oi Galac- 
tose Oae-hoiirly sample alter galactose contaiued 1 1 per 
cent reducing sugar, and tivo-liourly sample 2.7 per cent 



Fig. 12. 

No 3 ' BL • Efiect of Administration of 50 grms. of Galactose on 
Blood Sugar. 


No d ‘ D 

Per cent. 

Blond Sugar I’astmg Lo\el . ^ . • 0 094 

Po Half liour after 50 gims> (JalaotoBo 0 109 

Do One do > . P U6 

Do One ano a half do . 0 134 

Do , Two do ^ . . P 10 
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XJnncSii sugar prior 1o tlie adniinistration of Galac- 
tose One-hourly sample after galactose contained 1.3 per 
cent reducing sugar, and the f-wo-liourly sample 1.79 per cent. 



Fig. 13. 

No 4 ' D’ Effect of Administration of SO grnis of Galactose on 

Blood Sugar 


Blood Sugar Easting Lei^el 

Do. Half hour after 50 gnus Galaotose 
Do. One do 

Do One and a half do 

I>o, Two do. 


Ter cent 
0 107 
. 0 1.52 
. 0 129 

.. 0.10 
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jjrine. — 'S!o sugar prior to the administration of Galac- 
tose One-houily sample after gaLactose contained 1 6 per cent 
reducing sugar, and the tivo-Uourly samples 2.7 per cent 





Fig. 14. 

No. 5 ' C‘ Effect of Administration of 50 grms. of Galactose on 
Blood Sugar. 

It mil he observed that in all the five individnaLs the blood 
sugar rose after the administration of 50 grms of galactose. 
The maximum was reached in half to one hour and then it 
fell reachmg the fastmg level in about two hours. Some 
observers have stai.ed t]i.at there is no rise of blood sugar after 
galactose, but this is contrary to my experience 

The iiiterestmg feature of the obseri' ations, however, is 
that all tic five individuals, who origmally were aglycosuric. 
showed considerable amounts of sugar m the urine after tic 
administration of galacto,se, ranging from about 0 7 per cent 
to 2 9 per cent. Sugar m the urine was estimated with Bene- 
dict’s method. This occurrence of glycosuria after adminis- 
tration of galactose i.s significant. 
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JEffects of Administration of tioo successive doses of Glu- 
cose on Blood Sugar . — lu addition to the above experiments, 
I carried out certain observations on the effects of administra- 
tion of t'wo successive doses of glucose on blood sugar The 
usual dose of 50 grms. of glucose was given twice at an mterval 
of two hours. The records of four experiments are as follows : — 


Ho 1 ‘ K R P ’ 

Blood Sugar JTaating Level 
First dose of 60 gms Qluoose given 
Blood Sugar Half hour after fli^st close 
Do, One do. 

Do One and a half do 

Do Two do 

Second dose of 60 grins. Glucose given 
Blood Sugar Tiro and a half hours after the first dose 
Do Three do 

Do Three and a half do 


Per cent , 
0 080 

0 11 
0 008 
. 0 11 
0 085 


0 09 
0 106 
0 087 


Unne . — sugar prior to the adnimistration of Glucose, m 


the two-hourly sample, s slight trace of reducing sugar present 
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Per cent 

Blood Sus^ar Pasting Level . . . 0 08/5 

Pirst dose of fiO grms Glucose given 
Blood Sugar Half hour after the first dore . 0 112 

Do One do . 0 129 

Do One and a half do . 0 07n 

Do Two do. 0 Odd 

Second dose of .50 grins Glucose given 
Blood Sugar Two and a half hoiiis after the first dose 0 087 

Do Three do . Q 106 

Do Three and a half do 0 087 

Unne — ^¥o .sugar prior to the administration of Glucose 
Slight trace iii the t-wo-hourly and three-and-a-halt hourly 
samples 



Fig. 16. 

‘ B M. K ’ Effect of Administration of two doses of 50 grms, each of 
Glucose at an mterval of two hours on Blood Sugar, 
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No. 3 ‘D.G.A. ’ 

Blood Sugar Easting Level. 

Eirat dose of BO grma Glucose given 
Blood Sugar Half hour after the first dose 
Do One hour do 

Do One and a half do 

Do. Two do 

Second dose of 60 grins Glucose given. 

Blood Sugar Two and a half hours after the first dose 
Do Three do 

Do. Three and a half do. 


Per cent 
, 0 086 


0 16 


0 062 
. 0,081 

.. 0,111 
. 0,113 
, 0,093 


Urine . — No sugar prior to the administration of Glucose 
Slight trace in the two-hourly and three-and-a-half-honi’ly 
sample.?. * 
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No 4 ‘ J. G T. ’ 


Blood Sugar Fasting Levo 1 
First dose of 60 grins Glucose gi\en 
Blood Sugar Half hour aftei the first dose 
Do One do. 

Do One and n half do 

Do IVo do 

Second dose of 60 grins. Glucose given 
Blond Sugoi Two and a half houiiS aftnr the first dose 
Do Thiee do 

Do Three niid a half do 


Per cent 
0 085 

0 161 
0 140 
0 066 
0 072 

0 134 
0 092 
0 .084 


Urme . — ^No sugar prior to the adraimstration of Glucose 
Slight td'acp m the two-hourly sample. 



» i I d: r iJ- 3 Ji 


Fig. 18. 

' J G- T.’ : Effect of Administration of two doses of 50 grms. each of 
Qlucose at an interval of two hours on Blood Sugar. 



Lectures on blood Sugar 51 

It will be observed, that after the first dose there is a con- 
siderable rise of blood sugar. After two hours, when the blood 
sugar has come down to the preglucose level, the second dose 
of glucose produces a second rise, which, however, is less 
marked than the first After three and a half hours the blood 
sugar has come down to the fasting level. It may also be noted 
that in all the four siih3ects there is a definite trace of sugar m 
the urme, although origmally they were all-aglycosiiric. 

Oaufies of changes in Blood Sugar after administration of 
Glucose — ^We may now consider the causes of the changes in 
the concentration of blood sugar after adnimistTation of 
glucose 

The rise in blood sugar after a dose of glucose is due, no 
doubt, to the absorption of sugar into the blood of the portal 
vein, which reaches the systemic circulation after iiassmg 
through the liver. The same happens after the in-take of 
Carbohydrate meal. We do not know definitely what the 
actual nature of the sugar m the blood is. The rise continues 
till it reaches a maxmnuu, and then it ^alls back to its original 
level This fall may be due, as De Wesselow puts it, to the 
following causes- — 

(а) Cessation of its absorption 

(б) Its oxidation m the tissues, e.gr., muscles and glands 

(c) Its conversion into Glycogen (or fat) and storage 

as such. 

(d) Its excretion by the kidneys. 

All these processes do not operate m an equal degree. 

1 As regards the first possibility, the absorption does 
not stop in halt to one hour, as sugar can stall he obtained by 
stomach pump at the end of that period Beeler, Bryan, Oath^ 
cart and Pitz liave introduced a more elaborate technique for 
carrying out the Sugar Tolerance Test In this, information 
is obtained as to the actual amount of sugar absorbed by 
removal of unabsorbed sugar at the end of the first bonr, the 
amount of which is estimated Accordmg to this method also, 
the same sort of curve is obtained as that by the simple method 
advocated by Maclean, 
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The fact that in eases of diabetes the blood sugar does 
not come down to its pregluoose level after two hours also indi- 
eates that it, is not cessation of absorption that is responsible 
for the fall 

2. The second factor, namely, oxidation of sugar in the 
tissues IS also of doubtful value There is a rise in Bespu’a- 
tory Quotient -within half to one hour indicating increased 
combustion It appears at the point where the fall in blood 
sugar commences and continues for some time, after. This 
combustion accounts only for a small fraction (about 18 per 
cent) of the total sugar absorbed within two and a half hours. 
It does not wholly account for the sudden fall in the curve. 
Besides, if oxidation of sugar occurred on a large scale soon 
after the administration of glucose, it would be a. very wasteful 
procedure, 

3. The conversion ot glucose to glycogen chiefly accounts 
for the fall m blood sugar Gly'cogen is formed m the liver 
and mu, soles out of gluco,sc in the blood, and the rapidity witli 
which this coni'crsion and consequent storage take place 
explams the fall m blood ,siigar The storage mechanism comes 
into play wlien blood sugar roaches a certain level known 
usually as Serial Threshold, ,so that in normal persons no glyoo- 
sim.a ocem-s. This a,spcct of the question I will deal with 
pre,seEtly Loevulose winch is a good glycogen-former does 
not produce any ri,se in blood sugar owmg to the readiness and 
rapidity with -which it is converted into glycogen Lmvulose, 
therefore, has been used to test the efficiency of the liver 

4. Excretion by the kidney does not account for the fall, 
for the amoimt lost m urme is very small, if any, m normal 
individuals The readiness, however, with which glycosuria 
IS established in many cases under my observation would show 
that a certam amount is lost m this way, but it would not 
account by any means for the fall in blood sugar after the -first 
half to one hour' 

Therefore, the evidence goes to show that the fall in the 
curve is mainly-' due to storage of glucose as glycogen in the 
liver. 
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Value oj i^ugar Tolerance Test in cases of Diabetes — 
typical Sugar Tolerauce Test earned out m my laboratory 
m a case of diabetes is as follows — 


Bloud Siiijai Fasting Loiel 0 207 

Di) Half houi aflti -i close u't no «im«‘ Glnro^o 0 313 

Do One do 0 3S 

Do On'' and a half do. 0 34 

Do. Two do 0 25(i 


Urine . — Before tbe administration of glucose mane con- 
tained 6.2 per cent of sugar In the first-hour sample after 
gluco.se, the amount was 7 1 per cent 



i. 

Fig. 19. 

' .1/ S’ Diabetes MelUtus. 


It will be observed that • — 

(а) The fasting level of blood sugar is higher than 

normal 

(б) The blood sugar rises to a much liigher level than 

m the normal individual. 

(c) The blood sugar, even after two hours, is higher 
than the pregluco.se level The fall in the curve 
takes iilace much more slowly and gradually 
thaii in the normal person. 



54 


MAjok b L BhaI'IA 


These three featurca are typical of a diabetic ciir-ve. The 
curve gives an idea as to the extent and duration of Post- 
prandial Hyperglycapmia, and it serves as a more certain mdex 
of the efficiency of sugar metabolism than merely an examma^- 
tion of the urme for sugar In early diabetes the curve rises 
higher, stays up for a longer tune and does not return to normal 
for several hours. Slight deviations from the normal should 
not be given too much weight If in any given case we find 
that po.stprandial hyperglycsemia is higher than normal and 
that it stays up longer we are justified m warnmg the patient 
to restrict his in-take of carbohydrate. This persistent post- 
prandial Ihyperglyocemia is the earliest sign of diabetes It maj^ 
bo that m such early cases there is a transient or no glycosuria, 
but the excess of sugar m the blood after each meal throws an 
undue strain on the glycogenic function of the liver, and may 
lead to persistent glycosuria. The condition progres,ses, the 
postprandial hyperglycsemia after one meal has not subsided 
before the next meal is taken, so that morease in blood sugar 
produced by the first meal becomes snperadded to the second. 
The curve of blood sugar rises higher until at last permanent 
hyperglyca'mia is established 

This test is also valuable in judgmg the course of treat- 
ment, for the aim of modern treatment of diabetes is to estab- 
lish as far as possible such conditions, that a curve very much 
like that of the normal individual is obtained. 

The Relation of Blood Sugar to Sugar in Urine.- — It is of the 
utmost nnportauce to know the conditions under which sugar 
appears m the nrme, and the relation which urmary sugar hears 
to blood sugar. 

Acoordiug to the modern conception of renal secretion 
(Oushny’s), it is held that by a process of filtration, a protein 
free filtrate of blood plasma is produced in the glomerulus It 
contams all the non-colloidal constituents of blood plasma As 
this filtrate trickles down the convoluted tubule a process of 
selective absorption occurs Substances like urea which are 
of no further use to the body are not reabsorbed, they are known 
as Non-threshold substances , while other substances such as 
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sugar and soduun eliloride are reabbOiBed as tlie body needs 
them. These are called Thcshold subsianoes Sugar tliu,s is 
one of CuiShny’s Threshold Substances 

This theory i.s not altogether satLsfactory It does not, for 
instance, explain the ratios of the different substances in blood 
and urine Further while elauning’ to be a mecliamstie concep- 
tion, orginally based on Ludwig’s views, it savours of a neo- 
vitalism in so far as tlie propertj’' of selective absorption 
ascribed to tubular epitheluira is concerned Beceut work has 
thrown a great deal of light on the problem, and a more satis- 
factory hypothesis than Cuslmy's is awaited 

It IS held at the present day that so long as blood sugar is 
at the ordinary fasting level of 0 1 per cent or so, no sugar 
appears m the urine Even if the blood sugar rises to a certam 
extent, the kidney may still be able to bold it back, and none 
may be excreted If, ho-vvever, the level of blood sugar rises 
to 0.18 per cent or over, glycosmia occurs. So long as blood 
sugar is below 0 18 per cent glycosuria does not occur This 
level of 0.18 per cent IS known as the renal threshold for sugar. 
As pointed out already this is also the level when giyeo genesis 
actively occurs in the liver, so that excess of sugar is stored 
as glycogen and the liver thus prevents the blood sugar from 
exceeding the lenal threshold 

Prom the data from my own experiments which I have 
placed before yon, it would also seem that m normal persons 
the blood .sugar seldom reaches 0 18 per cent or over after 
administration of glucose. Theie are cases, however, when the 
blood sugar may reach 0 20 per cent ox 0 22 per cent m the 
normal, but it soon falls, and at ilie end of two hom-s it is at 
or below the pregliicosc level Such a ease, from my records, 


IS the following . — 

Pei cent 

Blood Siigai Eabliij!; Lc^cl . 0 123 

Do Hall hum aftei oO gims. Lhiciite . 0 22 

Du One do 0 181 

Dn One and .x half do 0 IBU 

Do Two houin do 0 Hi 



Major s. L. BhatIA 


S6 



. t ' 't ^ 


Fig. 20. 

'Lag' Curve 

The hlood sugar went above the renal threshold and Gly- 
cosuria occurred. This type of curve is known as the ‘ Lag’ 
curve. 

The condition, however, is not serious, as the return of 
blood sugar to normal is not delayed. 

This IS the accepted view regardmg the Renal Threshold, 
but my own observations throw a considerable doubt on this 
hypothesis 

A large percentage (about 40 per cent) of normal persons 
on whom the Sugar Tolerance Test has been carried out by me 
show evidence of Glycuresis, when blood sugar reaches the 
neighbourhood of about .17 per cent. Maclean states that in 
healthy subjects with normal kidneys no excretion of sugar 
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takes place, until tke concentration of blood sugar readies 
0 . 18 per cent. If that be the case, it seems to me that the 
group of Indians I have examined show a poorer tolerance 
for carbohydrates than inhabitants of European countries, 
and that non-vegetarians on the whole have a better tolerance 
than vegetarians The renal threshold also seems to be lower 
It is more in the neighbourhood of .17 per cent But I do 
not believe m the fixity of the renal threshold It varies in 
different individuals It would be more correct to say, tliat it 
lies between 16 per cent and 18 per cent, but that no definit e 
fixed limit can be laid down This conclusion is also borne 
out by the observations of Feinblatton 2,000 routine examina- 
tions 

Further, the influence of other sugars, namely, Igevulose 
and galactose on blood sugar, is mterestuig. As shown already, 
Isevulose when given by mouth does not produce any rise 
in blood sugar, and yet a trace may be found in the urine Gal- 
actose, on the other hand, when given by mouth causes hyper- 
glycsemia, as well as marked glyeosiu-ia. There appears to 
be no definite renal threshold for these sugars, and if there be 
one, it is lower than that for glucose 

■Recently mterestiug observations have been reported 
by Cori and Con m regard to the absorption of various sugars 
Expermients were performed on white rats. They were kept 
for some time previously on standard diet, and then starved 
for 24 or 48 hours Then 2 or 3 c.o. of strong solution of sugar 
was passed into the stomach through a catheter from the 
mouth. The annuals were killed at varymg intervals after- 
wards, and the rate of absorption was found hy snbtractmg 
from the amount of sugar given that which remained m the 
intestinal tract. 

Absorption of sugar takes place as already mentioned in 
the mtestme and not at all in the stomach Con and Con 
state that when sufficient sugar is given, the amount of sugar 
absorbed is the same from hour to houi‘, upto four hours. The 
oo-efflcient of absorption (number of grms. of sugar absorbed 
per 100 grms. of body weight per hour) is characteristic for 
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eacli sugar It varies according to the time the animal ih 
starved prior to the tost, and is ludejiendent of llie strength 
of solution. The co-efRcienta of absorption of different sugais 
are as follo-vvs — 

1 Ari'ER 48 Hours y-i'AnvATioN , 


d — galactose 
d — glucose 
d— fructose 
d — mannose 
1 — .xylose 
1 — arabinose 


i>ruis 
0 196 
0 178 
0 077 
0.0:31 
0 028 
0 016 


2 After 2-J Hours .Starvation 
Tlie co-efftcient for glucose is 206 grins. 

These figures show a high .selectivity. The behaxiour of 
lilood sugar and glycure.sis may dejiend to a certain extent on 
the co-effleient of absorption of these sugars In view of the fad 
that galactose jiroduccs glycosuria so readily, it is inf,eresting io 
note that of all the sugars mentioned above it is absorbed most 
readily and has the highest co-efficient of absorption 

The selectivity of absorption depends markedly cm the 
structure of the sugar, molecule and the renal threshold also 
depends on the same factor 

Recent research has cd early established that uoruial 
nrme contains traces of sugar Benedict, Osterberg and 
hfeu-wirtb have shown, that, m an apparently healthy person 
having no diabetic tendency, as much as .6 per cent of sugar 
may be present alter a breakfast rich m carbohydrates, and 
in 24 hours the total sugar passed in niine may amount to 
1.586 grins. ( 38t per cent). If the same person is given an 
ordinary mixed diet, the total sugar may approxmiate to 
1 grm per day The output of sugar in nrme after a meal 
follows a curve similar to that of blood sugar, but slightly 
delayed lu tmie. In both there i.s an increa.se followed by a 
decline There is a close relationship between the percentage 
of blood sugar and sugar m urine. Benedict has even shown 
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that each meal is followed by a rise m iii’inary sugar irrespec- 
tive of tlie nature of the diet, suggestmg that ordiiiaiy diges- 
tive processes have an acceleratmg effect on glycogenolysis 
The fact that both the blood sugar and urinary sugar rise 
after a carbohydrate meal has been eonfirnied by several 
observers. 

In some cases it has been found, that although glucose 
withm the assimilation limits does not produce glycosuria, 
yet when large quantities of preserved fruit and sweetmeats 
are taken, there is a distmct glyeuresis The same is the ease 
with galactose, whicli markedly increases the reducing power 
of urine It seems that neither the tissue.s nor the kidneys 
have the power of holding hack this sugar. It leaves the blood 
as quickly as it is absorbed from the mtestme 

larctose behaves in a manner intermediate between suc- 
rose and galactose 

Excess of glucose leaves the blood slowly, because the 
tissues are already .supplied with it When the renal threshold 
for sugar is markedly reduced, the condition of renal diabetes 
occurs, winch is not so uncomiuon in this country 

Precise deterniination of the renal threshold is, thus, vei'y 
difficult I may invite your attention to the work of Goto 
and Kiino (1921) They made observations on 63 Japanese 
subjects Plasma was used for sugar determmation Twenty- 
two of the subjects showed sugar in the urine after takmg 100 
grms glucose in 250 c c water the iirst thmg in the morning. 
The renal threshold was as follows • — 

In S men . Between 180 and 190 jier cent. 

In 6 men . . Between .160 and .172 „ „ 

In 8 men . Between .128 and 156 „ „ 

The sugar having first appeared m the urine as the result ot 
hyperglycsemia remained m it long after the blood sugar came 
down This ha.s been observed by others also, (Bailey, Folin 
and Berglund) These observations confirm my own flndmgs 
which were published in 1926. It would seem that although 
the upper limit 0.18 to 0.39 per cent is easy to fix, the lower 
level can be mncli less definitely placed In some cases there 
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naay be a mild traaiient glycosuria after every meal, (Baber 
and ilorgaard). 

Certain interesting experiments of Con and Con on the 
vdiite rat and m the mouse show that the sugar tolerance is 
lowered in the summer months The anunals weie ansisthe- 
tised with Amytal The tolerance was 2 6 grins per KG ot 
weight, and this was associated with a certain degree of 
Ketonnna 

While eonsidermg this question of tliiaar Tolerance and 
Beual Threshold I would like to refer to some observations 
of Porter and Langlev, winch are mtereslmg They exaniuied 
50 normal individuals on the following plan • — 

Ten cases each of decade starting at thirty to forty 
of mixed men and women were taken Bach ease 
was starved overnight, and the starvuig blood sugar 
level was estunated , 50 grins, glucose in 100 e e water 
were given, and the blood sugar estimated at the 
end of each half hour for two and a half hoiir,s, 
the urine hemg exammed at the expiration of tlnil 
period The following table gives the results of these 
tnsts . — 



1 

2 

3 

4 

5 

6 

Bdore. 

Hour 

Hour 

Hour 

Hour 

Horn 

Uivler 30 

0 080 

0 170 

0 126 

0 080 

0 080 ^ 

0 oso 

30—40 

0 106 

0 184 

0 174 

0 16.3 

0 150 

0 140 

40— .W 

0 120 

0 192 

0 207 

0 106 

0 155 

0 lo2 

60—60 

0 146 

0.225 

1 0 218 

0 15)5 

0 166 

0 155 

00—70 

0 145 

0 225 

0 2,38 

0 245 

0 206 

0 ISo 

70—80 

0 116 

0 175 

0 190 

0 18.5 

0 100 

0 130 


The curves obtamed from tlie.se flgm’e,s demonstrate the 
Collowmg points . — 

1. That the starving blood sugar level tends to rise from 
the normal 0.08 per cent of youth to nearly 0.15 per cent at 
70 years of age 
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2 That the actual meremenl of sugar-content of the 
blood, however, remains the same, and is alwaj'^s less than 0 1 
per cent 

3 d'hat at the ages considered, the highest point of sngav 
concentration is liable to be reached at the end of 1 hour, rather 
than at the end of half hour as is usual in youth. 

1 That there is an increa.sing delay in return to the 
starving level, which fails to occur in the two and a half hour 
period of observation 

5. That in tlie decade 30 — 40 years of age, urinary sugar 
in response to 50 grms glucose is not found, but lu the de- 
cades above this glycosuria in response to tins amount of sugar 
occurs 111 about 30 per cent of tests, being rather higher m the 
decade, GO — 70 years of age, when it is nearly 40 per cent 

G In the decade 70 — 80, the type of curve obtained 
differs greatly in that it does not rise so high, but takes consi- 
derably longer to return to stanung level. No explanation 
of this IS offered, but the iiatient-s were senile 

Thejr concluded that glucose tolerance ciu-ves should be 
interpreted not only from the point of view of the blood sugar 
rise and the period oeeiixned in retiirnmg to starvation level, 
but also with due regard to the age of the patient The in- 
creased lag in the curve, apart from age considerations, might 
easily lead to an opinion of Potential Diabetes, when in reality 
it IS believed that the delay is the physiological result of age 
This is particularly liable to be misleading m piatients com- 
plainmg of such trouble.s as pruritis, and sciatica, which may or 
may not be dietetic m origin. 

The threshold value for ,«ugai for noimal kidney which 
may be placed somewhere between 0 15 and 0 18 per cent, is 
not easy to account for Certain observations of Hamburger 
are of interest m this connection. He iierformed certaui per- 
fusion experunents on frogs’ kidneys, and came to the con- 
clusion that glucose occupies a peculiar position among iso- 
meric monosaccharides with regard to glomerular epithelium, 
suggesting the relation of a key to a lock. According to him, 
the geometrical configuration of the glucose molecule give,s 
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to it those properties which cause it to be retained m circu- 
lation hy the healthy kidney He further found that the per- 
meability of glomerular epithelium for sugar could he dimmi- 
slied or increased m experiments with frog’s kidney, jierfused 
with Bmger’s Solution, if tlie proportion of inorganic 
constituents in the perfusion fluid were altered In this respect 
the concentration of free calciiiin-ions and sodium bicarbonate 
are important factors When free ealciiim-ions reach a cer- 
tain concentration the kidney becomes impervious to glucose, 
but when this is altered it becomes permeable 

It was also found that in the absence of sodiimi bicarbo- 
nate the kidney became very permeable and no glucose was 
retained 

As regards the permeability of the kidney to dex- 
trose, calcniin and sodium seem to have opposite effects and it 
follows that the composition of the blood as regards calcium 
and sodium and also its acid base equilibrium are important 
factors in sugar excretion. This threshold value which is 
generally regarded as 0 18 per cent of blood sugar, is distinctly 
lower in a great many normal individuals I have examined. 
It lies between 0 1.15 and 0 17 percent In fact, my own work 
and recent observations hy others sliow that the hypothesis 
of a Axed renal threshold for gliico.se cannot he accepted It 
shows marked individual variations 

Eyperglyocemia — The normal fasting level of blood sugar 
varies under many conditions. According to increase or de- 
crease the condition may be one of hyperglycannia or hypo- 
glycmmia 

Hyperglycsemia occurs under the followmg conditions 
1. ALIMBjra’ARy HVPERQT.TCiEMIA. 

The rise in blood sugar after mgestmg glucose or a meal 
rich in carbohydrates is known as almientary glycosiu’ia, The 
phenomena was described hy Bang m animals m 1913. .Similar 
observations were made on men hy various observers (Jacob- 
son, Maclean and Be Wesselow, Folm and Berglund), and on 
this the sugar tolerance test, T have just described, depends. 
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I wisli to cli-aw your attention particularly to this con- 
dition It IS ol special importance to us m this country, since 
in my experiments, the fact has heen well brought out that m 
Indians, and especially m those who live on a rich carbohydrate 
diet, vegetarians, this alimentary or postprandial hypergly- 
esemia is high and that in many cases it is associated with 
glycosuria. Excessive carbohydrate diet throws a great 
strain on the glycogenic functions of the liver In early stages 
of diabetes there maybe no defect in Ihe pancreas, but merely 
a deflciency of the storage mechanism ot the liver 

Thus, alimentary glyco,suruinay occur, as the result of the 
liver being flooded habitually by an excess of the digestive 
products ot llio carbohydrates of the diet Apart from this, 
it may also occur, if there is any impairment of the glycogenic 
function of tlio liver acquired or inborn Such factors operate 
very frequently m tins country, where so many diseases occur 
which throw a strain on the liver, o.g , Malaria, Eysenlnry, etc. 
Eich carbohydrate diet and sedentary habits of life arc respon- 
sible for the large frequency of glyco,suria ui this country 
Jt IS therefore mamly dietetic m ougm. and for thus reason 
can be readily controlled 

If alnnenlary liyperglycaBiiiia is allowed to contmue, there 
IS no doubt that the activity of the Islets of Langerhans is over- 
strained, which eventually break down, and thus the well- 
known condition of diabetes niellitus results 
2 EEEVOTTS r-lTPERCLYCiEMIA 
(A) T‘iqiire—ln 3857 Claude Bernard punctured the 
floor of the 4th veutrude in well-fed rabbits and found that tins 
Avas followed by marked glycosuria winch lasterl several hours. 
On the basis of this and similar experiments it is believed that 
there is a nerve centre (Olycogenic Centre) which controls the 
process of glycogenolysis m the liver, and the glycosuria is 
explained as homg due to this moreased glycogenolysis 

Tims so-called puncture diabetes can be easily produced 
by puncturing the medulla between the roots of origin of 8th 
and 10th cranial nerves. 
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The blood sugar rises rapidly. It reaches its maximum 
m an hour, and remains elevated for some time It finally 
falls and regains the normal level in 6 or 8 hours, although 
sometimes it may remain up for 2t hours Considerable sugar 
appears in the urine withm an hour of the puncture. 

The current view is that this centre stimulates the pro 
ce.ss by which glycogen is converted into glucose in the liver 

It may be pointed out, that Insulin prevents the Piqure 
rlyperglycsemia. 

(B) There is evidence to show that efferent impulses 
tiavel from the centre to the liver by way of the splanchnic 
nerves 

The following observations are of interest : — 

(i) Cavazzani brothers (1894) showed that blood sugar 
in hepatic veims is increased by stimulation of the coeliac 
plexus. 

(ii) Maoleod (1906) found in well-fed rabbits, that there 
was increase in sugar m arterial blood after stimulation of the 
splanchnic nerve on the left side just after its entrv into abdo- 
men There was marked hyperglycsemia associated with 
glycosuria and diuresis Still more marked effect was observ- 
er! on placmg the electrodes on the uncut nerve than on sti- 
mulating the peripheral end of the cut nerve This effect may 
be due to — 

(a) The direct control of nerves on the glycogenic 
function of hepatic cells, or 
(h) The discharge into the blood of some hormone 
which excites glycogenolysis, or 
(c) Glycogenolysis may he secondary to asphyxial 
condition resulting from marked vasoconstriction. 

Experiments show that splanchnic hyperglycsemia is 
due to the hypersecretion of adrenalin, for if the suprarenal s 
are extirpated, stimulation of the splanchnic nerve does not 
produce hyperglycsemia. 

As I shall mention presently, injection of adrenalin also 
produces hyperglycsemia. 



LECTURES ON BEOOD SUGAR 66 

(in) Thf* afferent nerves are probably provided in the 
vagus nerve But the demonstration is difllcult, for stimula- 
tion of the vagus sets up marked respiratory disturbances 
which in themselves may produce hyperglycemia. This 
question needs to be investigated further. 

(C) Eecently Camus, Gournay and La Grand have pro- 
duced experimental diabetes by mtroducing a capillary tube 
filled with fatty acids into the pituitary region in rabbits The 
paraventricular neiicleus and neucleus of the tuber were 
affected frequently The effect was glycosuria and polyuria. 
A lesion of the tuber causes a more lasting and graver diabetes 
than Claude Bernard’s puncture 

There is both a nervous and a hormone control so far as the 
glycogenic function of the liver is concerned. When sudden 
increase of sugar m the blood is required, the glycogenic centre 
sends out impulses, which not only directly excite the break 
down of glycogen in the liver, but also stimulate the supra- 
renals to secrete more adrenalin into the blood, thus augment- 
mg the action of the nerve impulse 

This dual control of glycogenic function of liver by nerve 
and hormone is not unique for a similar mechanism exists in 
the case of — 

(1) Secretion of gastric ]uice (Gastrin and nerves). 

(2) Pancreas (Secretin and nerves). 

It may be that nerves control the transitory changes in 
sugar production, while the hormone (adrenal m) is responsible 
for changes of a more permanent character related to the 
general metabolic requirements of the tissues 

3. Influence of Pancreas, Thwroid, Pituitary, 

SUTRARENAL AND PARATHYROID GLANDS ON BLOOD BUGAR. 

1. Fanoreas — p cells of the Islets of Langerhans pro- 
duce an internal secretion, Insulm, which has a profound effect 
on carbohydrate metabolism. When injected into an animal 
it produces a fall of blood sugar. The disease. Diabetes Melh- 
tus, is believed to be pancreatic in origin and therefore I will 
deal with it m the next lecture. BufBce it to say, that removal 
5 F 
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Of Pancreas experimentally produces a condition very much 
analog'ous to ^diabetes mellitus, which is accompanied by 
hyperglycaemia and glycosuria. 

2. Thyroifl Gland — -(a) The removal of the thyroid 
gland leads to diminution of Blood Sugar and reduces hyper- 
glycsenna produced by the removal of the pancreas. 

(6) Thyroid feeding in normal animahs diminishes toler- 
ance for carbohydrato.s, and blood sugar is raised. The Res- 
piiatory Quotient i.s raised indicating increased combustion 
of sugar 

(e) Q-lycosuria is often a symptom of exophthalmic 
goitre. This is accompanied by hyperglycssmia There is 
diminished tolerance for carhohydrates in hyperthyroidism, 
and fhis is due largely to defective storage mechanism 

(d) In thyroid deficiency sugar tolerance is variable. In 
cretinism it is increased, ui myxmdema it may be either increas- 
ed or diminished, but the renal threshold is generally raised 

3. Fxtuitary Body — Injection of tlie active principle 
of the posterior-lobe (pituitrin) results in hyperglycsemia. 
Extracts of the anterior-lobe have no such effect In 
acromegaly, hyperglycamiia and glycosuria are as a rule 
developed. 

In Frolicli’s Disease, the ooudition as regards blood sugar 
resembles hypothyroidism. There is generally moreasod 
tolerance for carbohydrates. 

4. Suprarenal Body . — Action of this has already been 
referred to imder nervous hyperglycsemia Injection of 
adrenalin leads to hyperglycaemia and glycosuria. The result 
is marked if the liver contains much glycogen. The effect is 
due to increased glycogenolysis in the liver. 

In animals who have been starved and the liver glycogen 
is much reduced the mjection of adrenalin causes glycogen to 
accumulate in the liver cells. This is an mterestmg result 
and will throw some light on the true significance oi glycogen 
in the body. 

In adrenalin hyperglycsemia there is decrease m the blood 
diastase, and increase in the liver diastase, so that not only is 
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excess of sugar discharged in the liver, hut less is destroyed 
in the blood. 

5 Parathyroid Glands have no effect on blood sugar. 

4. ASPHYXIAL HYPEEGLYCiEMIA AND HyPEU- 
GLYC^JHA DUE TO ANiBSTHETIOS AND NARCOTICS. 

1 It 13 a well-known fact that in asphyxia blood sugar is 
raised and glycosuria also occurs, provided the liver contains 
sufficient glycogen. This is due largely to deficiency of oxygen 
(anoxaemia), although excess of CO^ also plays a part. The 
actual mechanism is probably this. Owing to slight changes 
in hydrogen-ion concentration in blood in asphyxia, the gly- 
cogenic centre is first excited which leads to increased glyco- 
genolysis Later when asphyxia is still more marked, the 
hepatic cells are directly effected by the increased H-ion-con- 
centration. The conmlsions also help the process, leadmg to 
mcreased glycosuria and hyperglycsemia. Hypersecretion of 
adrenalin may be a contributory factor 

2 Ancesthetics and Narcotics — (a) Asphyxia is usually 
responsible for the rise of blood sugar in ansesthesia. Hyper- 
secretion of adrenalm may be a factor. 

The degree of hyperglycsemia is proportional to anaes- 
thesia. This IS specially the case with ether Asphyxia plays 
a role here If oxygen is given with ether, the hyperglycsemia 
is less marked. 

(i) Morphine and urethane also produce increase of blood 
sugar. 

It is important to note . — 

(i) That isoamylethylbarbituric acid (amytal) does not 
produce rise m blood sugar This is a useful ana-sthetic for 
animals, on whom experiments on carbohydrate metabolism 
are to be performed Its dose is O.lgrm. per kilo in dogs and 
0.08 to 0 1 grm per kilo in rabbits. 

(w) That insulm prevents the rise of blood sugar result- 
ing from a,sphyxia and ansesthetics, and it also prevents the 
development of hyperglycsemia due to poisoning by CO, 



68 


Major S L. Biiatia 


Sypocflyccemia occurs under various conditions — 

I. J^RNAt GnYCOSUBIA. 

As mentioned already, tins is a condition in -whicli the 
renal thi'eshold is lowered and the patient suffers from gly- 
cosuria when the blood sugar is far below 0 3 8 per cent. There 
IS an increased permeability of the kidney to glucose. The 
condition is fairly common. The urine may contain 2 per 
cent of sugar when the blood sugar content is 0.1 per cent or 
0 12 per cent, or lower. The usual symptoms of diabetes are 
as a rule absent Tf Hamburger’s hypothesis regarding the 
renal permeability to glucose be accepted, this condition would 
be due to a lower percentage of calcium m the blood. Cam- 
midge records some cases m which there was a diminution of 
calcimn in the blood iii such cases Tliis has an imjiortant 
bearing on treatment Cases of renal glycosuria have been 
treated by Oammidge by allowing ordinary mixed diet, 
grin Parathyroid nightly and 5 grams of calcium chloride 
three limes a day after meals with some improvement 

It might be pointed out that, in dealing with this con- 
dition, care should be taken not to confuse it with early cases 
of true diabetes, for the treatment of the two conditions is quite 
different. 

IT, HYPOGLTCAilMlA DUE TO INSULIN INJECTIONS, 

An injection of Insulin in the diabetic or normal .subjects 
IS followed by an immediate fall of blood sugar, reachmg its 
maximum in 2 to 4 hours Certain dangerous symptoms, 
Avhich may ultimately be fatal, result if the blood sugar falls 
below a certam minimum (0.0-15 per cent) I will deal with 
tins condition in more detail m the next lecture 

HI. HyPOSLYOJEMIA RESULTING PROM InJURT 
TO THE Liver 

When the liver is cut out from circulation, symptoms of 
muscular weakness, twitchings^ generalized convulsions and 
death supervene. The blood sugar falls, and symptoms generally 
come on when its level is about 0 04 per cent The condition 
IS relieved by administration of glucose. 
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IV. It lias been observed that renal threshold for sugar 
lb lowered sometimes m eaily diabetes and pregnancy 

Apart fi’om these the following conditions may effect the 
blood sugar concentration • — 

(A) The fall of blood sugar occurs in Hydrazine poison- 
ing and severe chloroform poisoning owing to damage to the 
liver. Ergotanin also lowers it Hisodimn phospliate given 
with glucose produces a less rise m blood sugar, than glucose 
alone. Phosphates assrst in the formation of glycogen from 
glucose When glycogen is stored, the retained phosphorus 
IS excreted givuig rise to increased elimination 

111 AddibOii's Disease, there is usually Hypoglycasniia 
associated with lowered blood pre.ssure Tn normal rabbits 
application of warmth produce.'! first a rise and then a fall of 
blood sugar. In fa, sting infants under two weeks old and in 
dl-noimshed children generally low values of blood sugar aie 
generally obtained 

(B) The rise of blood sugar is caused by Atophan, Ai.ox.\ 1 , 
and Caffem, also by intravenous injections of .small amounts 
of jirotems in rabbits a'ld by anaphylactic shock m dogs In 
infection with Enteritidisparatyphosus — group the blood 
sugar IK high, which may be due to associated lesions m the 
pancreas Injection of potassium chloride, and of 10 c c. of 
10 per cent calcium ehloridem some cases may be accompanied 
by a rise, xicid sodium pho.sphate given with glucose pro- 
duces a greater rise of blood .sugar, than glucose alone Tn 
arthritis, malignant disease of the gastro-intestmal tiact, and 
in severe dyspejisia in infants the blood sugar is generally 
high 

Having considered the mam facts about the behaviour 
of blood sugar from a physiological point of view, I shall deal 
in the next lecture with the problem of Diabetes with special 
reference to Indians. 
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LECTURE III. 

Diabetes Meelitus with Special Reference to its 
Prevalence in India. 

{Gliamnan . Dk. B. K. Narayan Bao.) 

Mr. Chairmans Ladies and Gentlemen, 

Diabetp.s Mellitiis is .t common malady m medical practice 
in India. The cases present themselves m diverse ways. Some 
of the common types are these . — 

A man aged about 40 years or over, obviously fat and 
overweight, comes to you complaining of general weahness or 
debility, excessive thirst, polyuria, frequent micturition, good 
appetite, and frequently constipation. His general condition 
is good. The symptoms have come on gradually, and he can- 
not state their duration definitely. On examination of the 
urme sugar is found. Acetone is usually absent. Mild cases 
sometimes do not complain of anything at all, and it is usually 
at a medical examination for Life Assurance or one of the 
Public Services, that the condition is first recognized. 

The surgeon often meets with the cases first, for they go to 
him for the relief of carbuncles, boils or gangrene of the foot, 
or for cataract. 

A different type of case is a young lad of J 0 or 16, who is 
thin and underweight, complains of much weakness, thirst, 
polyuria, and frequent micturition The sjanptoms are acute, 
and the onset is usually sudden. The patient ascribes them 
to the after-effects of an attack of ' fever’, and can generally 
remember when they commenced. The urine on examin- 
ation is found to he loaded with sugar and contams acetone 
bodies. 

Or finally, the case might come in an unconscious state, 
picked up by friends or the police. The patient is comatose. 
His respirations are slow and deep, the type generally known 
as ‘aiT-hnnger The pulse is feeble. There is smell of ace- 
tone in the breath. You draw out a specimen of urine with 
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a catheter, and find that it contains a large amount of sugar 
and acetone bodies 

The common feature of all these types is the presence of 
glycosuria, the existence of udiicli has been recognized since 
ancient tunes 

Bistory of Biabetrs — The existence of sugar in the urine 
was Imown to the ancient Hindus According to Hirsch the 
earliest accounts of sweet urme come from India It was 
known as TVIadhu Meha ’ or ' honey m-inc and is described 
in Ayur-Veda The Hindus noted the symptoms of thirst, 
foul breath and languor 

In the papyrus of Ebcrs, a copy of an Egyptian medical 
compilation, tiiere is mention of a disease with polyuria Are- 
tfeus the Cappodocian (150 A.H.) has given a classical de- 
scription of the disease. He practically named the disease, 
the word being derived from a Greek word, Siatr^rijs which 
means syphon, owing to the fact that the intake of water did 
not remain long in the body, and flowed right through it He 
noted the marked loss of flesh, polyuria, lassitude and marked 
thirst and considered diabetes a form of dropsy. 

Claudius Galenus (131 A.D ) considered it to be a form 
of kidney disease, in which the kidneys had lost the power to 
retain water 

There arc references to it by the Mohammedan and Jewish 
physicains Avicenna (980-1037 I.D.), known as the Prince 
of Physicians, gave a good account of diabetes and noticed 
that the diabetic imue tasted sweet. 

Ehazes (850-992), an Arabian Pliytician, gave butter- 
milk and malt extract and advised the avoidance of physical 
and mental stram. 

Viaticum perigruiantes ot Ihn-el-Ischezzar (lOOl) contains a 
remavkahle account of the disease, in which thirst, polyuria 
and voraeiou.s appetite are mentioned hut uot the sweetish 
urine. 

Paracelsus (1193-1516) considered diabetes a condition 
in vhich there was an increased formation of saP in the blood, 
which uritated the kidney.s. 



72 Major S L. BhaTIA 

As pass into the 17th centiiiy, that period, in the his- 
tory of diabetes commences, when a number of observers 
helped to establish a definite diagnosis 

1 Thomas Willis (1621-1675), after whom the arte- 
ries at the base of the bram are described as the Oircle of 
Willis, made the best qualitative exammatiou of the urine 
that was possible in his time. He tasted the urine and de- 
scribed it to be ‘ wonderfully sweet, as if eontaming honey or 
sugar ’ This established the basic principle for diagnosis 
between Diabetes Mellitus and Diabetes Insipidus 

The real cause of sweetness, w'hioh Willis failed to lecog- 
nize, was discovered 100 years later by Dobson (1776), who 
carried out various experiments on diabetic urines and found 
that they underwent alcoholic fermentation and observed that 
sweetness was due to sugar He evaporated a large amount 
of a patient’s urine, and obtamed a whitish cake, weighing 4 
ozs., which behaved like ordinary sugar. Thus the presence 
of sugar was definitely established 

Another 60 odd years passed, when Bouchardat and Peli- 
got (1838) proved that the sugar of diabetic urine was grape- 
sugar or glucose 

In modern tunes the pathology and treatment of diabetes 
have been rendered a chemical problem. Peters, in 1857, dis- 
covered acetone in the urme of diabetics ; Kussinaul, in 1874, 
discovered the presence of acetone in blood and was the first 
to describe the diabetic coma, which is associated with Aceton- 
lemia and ‘air-hunger’. Stadelmaii, ,in 1883, discovered 
the relationship of /3-oxybutyric acid to diabetic coma. In 
this connection the names of Kulz, Minkowski, and Magnus 
Levy should also be mentioned. In 1886, Von Mering produc- 
ed experimental diabetes by mjection of Phloridzin Then 
came the dietetic studies of Carl Von Hoorden (1896-1911), of 
Graham Lusk (1898-1916), Benedict and Joslm, and the effect 
of fastmg treatment of P. M. Allen (1916). 

The work of Claude Bernard, to which I have already 
referred, is of pai amount importance His discoveries of the 
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presence of sirgar m the blood, the relation of high blood sugar 
with glycosuria, and the glycogenic function of the liver are 
classical In 1889, Von Mering of Cologne made the epoch- 
making discovery in collaboration with Minkowski, that the 
removal of pancreas from an animal produced the same con- 
dition as severe diabetes mellitus in man These expermients 
showed beyond doubt that the pancreas is necessary for carbo- 
hydrate metabolism and that the disease of pancreas would 
result m diabetes In 1869, Langerhans described the cell 
islets in the pancreas, which are known after his name. It 
was by Laguesse in 1893, and Diamare in 1895, that the view 
wa,s first put forward that the Islets of Langerhans were endo- 
crine organs. This was supported by Sir E Sharpey -Schafer in 
1893, who in 1916 suggested that the internal secretion of the 
Islets be called ‘ Insulme ’ Atteni])ts had been made from 
time to time to obtain this hormone from the I.slet tissue It 
was, however, not imtil 3921 that Banting in Professor Mac- 
leod’s Ijaboratory at Toronto, took up the piroblem m associa- 
tion with Best and discovered thus hormone ‘ Insulin It 
reduces blood sugar m experimental diabetes in animals and in 
diabetes mellitus in man It is one of the most remarkable 
discoveries m the domam of Therapeutics m the first quarter 
of the 20th centm'y 

Having thus briefly considered the chief landmarks in 
the history of this disease, we may now consider some aspects 
of Its prevalence in India. 

Diabetes in India — The disea.se is common in India es- 
pecially m the middle and upper classes In the lower workmg 
classes it is less so It is the experience of most physicians 
here that it is commoner in India than in Europe The precise 
statistics, however, are not available The type of the disease, 
which is common, is the mild and chronic variety in the middle- 
aged and the old The acute variety m the young also occurs 
but IS less frequent I have seen cases of the latter severe 
variety myself. 

Stott made enquunes from the various administrative 
beads of the Medical Departments in the various piovinces and 
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from the statements received, estimates the nmiiher of dia- 
betic out-patients attending the government hospitals in each 
province per 10,000 out-patients attending for all diseases 
The results are set out in the following table : — 

Pbopoetioi?' of Diabetic Attendanceh at Hospitals 
IN Varioijs Indian Provinces. 


Order. 

Provinee? 

Average number of nufc- 
patomls treated in 

1 j'eai (average 1914- 
1926) 

All oases, j Diabetio.s 

Diabetic 
out-pHtieuts 
per 10,900 
uf total out- 
patients 

1 

Madras . 

8,001,722 

5,216 

6.6 

S 

Bombay 

2,672,8.34 

1,072 

4.2 

a 

Bengal . 

7,116.540 

2,033 

2 0 

4 

Punjab 

6,352,322 

1,290 

2 4 

5 

United Piovincea 

6,263,709 

1,261 

2 0 

6 

Nagpur (CP). 

2,234,776 

411 

t 8 

7 

Burma 

2,012,862 

333 

1 7 

8 

Assam . . 

1,670,823 

166 

1 


It will be seen that roughly in Madras there are sis 
diabetic attendances jier 10,000 out-patients, m Bombay 4, 
and in Bengal 4 In the Punjab, United Provinces and Central 
Provinces, there are approximately 2 attendances, while in 
Assam there is 1. Diabetes is therefore cominoner in Madras, 
Bombay and Bengal, all low-lymg areas, where the diet is 
chiefly rice, and the climate is hot and moist, and conse- 
quently not conducive to physical exercise. In provinces such 
as Punjab, United Provinces and Central Provinces, where 
the climate is drier and dietetic habits are different (rice not 
bemg the staple diet) diabetes is less common. 

My own experience confirms this. I think that two im- 
portant factors responsible for the frequency of diabetes m 
this country are excessive consumption of carbohydrates in 
the diet, and lack of physical exercise The climate in the 
low-lymg areas along the coast is apt to encourage sedentary 
habits, and consequently the disease is commoner there It is 
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less common m the poor labouring classes than in the well- 
to-do 

Race — It IS well known that race has a definite place m 
the etiology of this disease. Thus, it is commoner amongst 
the Jews than Christians in European countries In India 
theie IS evidence, that the Hindus are far more subject to dia- 
betes than Mohammedans or Europeans In Calcutta, accord- 
mg to Stott, the diabetic death rate per 10,000 Hmdus is about 
5 tmies higher than the rate in Mohammedans The Insurance 
mortality returns show, that the diabetic deaths per 100 lives 
at risk are 8 for Hmdus, compared with 3 for Mohammedans 
and 2 for Europeans m India. This markedly higher mortal- 
ity among.'^t the Hmdus is due largely to the greater amounts 
of carbohydrates consumed, as well as to less active habits 
of life 

It is further calculated from the statistics of Insurance 
Companies that the recorded diabetic death rate for Indians 
IS four tunes higher than among Christians living in India as 
worked over an average of the past ten years If death from 
carbuncle and gangrene be added to each group, the Indian 
death rate is about six times higher than the European death 
rate 

These statistics also show that diabetes stands as the 
fifth commonest cause of death amongst the bettor classes 
of Indians, the first four causes bemg Influenza (pandemic 
of 1918), Pneumonia, Apoplexy and Phthisis. In many eases, 
Phthisis, Pneumonia, etc., are termmal events m a case of dia- 
betes, and consequently diabetes plays much greater havoc 
than the above statistics would have us believe. 

Other predisposing factors are: — 

1. Obesity — In persons ivho aie over- weight, it is often 
foimd that the sugar tolerance is diminished In India, a 
well-to-do over -fed person, who does not take enough exercise 
puts on weight, and often falls a victim to glycosuria. The 
liver and pancreas are over-stramed. For a time they faith- 
fully discharge their duties, but ultmiately break down, and 
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lead to a diraimslied tolerance for sugar, and iiltimatcly 
diabetes 

Tlie average working class man in this eonnti y is tliui and 
lean, and that is the trne physiological type in the tropics. A 
thin lean person offers a greater body surface area for heat 
loss, and Iiis cooling power is proportionately greater than that 
of the obese type. lie does nianiial work, and althongh he too 
lives on a rich carbohydrate diet (mostly, rice, dal, vegetables 
and sweets) his tissues are able to burn up all the available 
sugai’i and no undue sti’am is thrown on the liver and pa.ncrea.s 
He thus suffers less from glycosuiia and diabetes than the 
middle class person who takes less physical exercise and is 
inclmed to be fat- Thus m the hospital class of patient the 
disease is not so common as in private practice. 

2. EerecMy . — This certainly plays an important part. 
Obesity often seems to be a family characteristic. Mo.st 
observers are of ojimiou that owmg to family diathesis, the 
oells of the islets of Langerhans of persons with a diabetic 
family history, degenerate readily under dieteine excesses 
Tliey, therefore, need greater care to guard against those fac- 
tors, which favoiu' the onset of diabetes. In India it. is com- 
monly seen, that cases of diabetes occur in the same family 
for a number of generations 

3. Age . — In India the disease is commoner in the middle- 
aged, and a majority of the cases are seen in persons between 
the ages of 30 and 45 years. It, however, does occur in the 
young, m whom it is much more serious 

4. Climate , — ^Hot tropical climate as such veiy likely 
reduces the tolerance for sugar As mentioned in my last 
lecture, the observations of Con and Con show that in rats the 
tolerance for sugar is lowered m summer months Van Langen 
also Planned to have demonstrated an exceptionally high sugar 
content in the blood of the healthy white inhabitants of the 
Dutch Indies, and blamed the clunate for this abnormality. 
He IS of opmion that the diabetic should be warned not to 
immigrate to the tropics 
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5 Nervous Strain, Worry and Anxiety . — In the last lecture, 
I referred to Hervous Hyperglycaemia m animals. This has 
•a special interest in regard to human diabetes. There is 
apparently a special mechanism m the body, consisting of a 
glycogenic centre in the floor of the fourth ventricle, the vagus 
and the splanchnic nenes, by which the glycogen stores of the 
body are mobilized This mechanism is intimately associated 
with the output of adrenalm. There is evidence, that a 
relation.ship exrsts between certain clinical varieties of human 
diabetes and repeated stimulation of glycogenolysis by nervous 
influences The blood sugar often rises as the result of emo- 
tional excitement If this is repeated there may be a perma- 
nent rise of blood sugar level Hence the role of mental worry 
and anxiety and various neurotic conditions in the etiology 
of diabetes is an important one. Inherited predisposition to 
neurotic conditions also plays a part Thus the disease is 
common in those who are subject to much nervous strain The 
condition of a diabetic person also becomes worse as the result 
of a nervous shock 

In India the disease is common in the professional classes, 
namely, lawyers and doctors, and in busmess-men. It is 
increasing in men of this class who are engaged in occupation 
demanding iniich mental concentration and stram 

It IS interesting to know that the mere strain of an examin- 
ation may cause glycosuria Thus Cannon has foimd that 
there was glycosuria in four out of nine students after a severe 
exanimation, and onlv m one of them after an easy exaimna- 
tion. 

Pathology of Diubeii.'i—Insiihn — ^Diabetes is a condition 
of peiwerted metaboli.'vm not only of carbohydrates but of fats 
and proteins as well Glycosiuia and Ketonm-ia, associated with 
Hyperglycamiia point to an eJfection of the Islets of Langcr- 
hans Blood .sugar above 0 18 or 0 2 per cent denotes hyper- 
glycamiia, and mild cases of diabetes have a blood sugar level 
of 0 3 per cent or 0.1 per cent The highest level I have come 
aci’O.ss IS 0 7 per cent Ketone bodies, namely, jS-oxybutyric acid, 
aceto-acetic acid and acetone point to incomplete metabolism 
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of fats. Proteins also are incompletely metabolized as in 
later stages of diabetes, sugar is derived from ] rotems. 

Tlie glycogen of the liver is markedly reduced, although 
it remains in the muscles. Even after feeding excess of carbo- 
hydrate, no glycogen is stored in the liver. In addition to this, 
the Pespiratory Quotient is very low, i e , 0 • G6, and it shows 
no tendency to rise when carliohydrate is fed as in the normal 
person. This is often interpreted as showing that the tissues 
have lost the power to oxidize sugar , but it is not really so, 
and the true explanation a.s Macleod states may be that oxygen 
IS retained m diabetes partly to convert fatly acids into 
carbohydrate, and partly to complete the oxidation of Ketone 
bodies. 

The discovery of Von Mering and Minkowski m 1889 that 
the removal of pancreas from an animal results in a condition 
which is practically the same a.s diabetes mellitiis in man, gave 
the clue to the essential lesion in this disease These experi- 
ments proved that pancreas is necessary for carbohydrate 
inetaholism Removal of ordinary gland acini does not pro- 
duce glycosuria , and it is now well established that the Islets 
of Langerhans are responsible for the production of an internal 
secretion Insulin, which is essential for carbohydrate and 
general metabolism, and absence of which produces diabetes. 
Attempts have been made to look for macroscopieal and micro- 
scopical changes in the islets in diabetes, but without much 
success In most eases no structural changes are evident, 
although m some hydropic degeneration in the islet cells has 
been detected. It may be that some functional disturbance 
Las occurred without causing any marked visible structural 
changes. 

By special methods of stainmg. Lane has found 1 hat the 
islets contain two types of cells, namely, a and cells, accoid- 
mg to the type of granules in them Sections fixed by alcohol 
and stamed with neutral gentian show a small number of cells 
containing granules. These axe known as a-cells. Sections 
fixed with chrome sublimate solution, containmg potassium 
bichromate and mercuric chloride, and stained with neutral 
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gentian show a large munher of cells oontaming granules, 
known as /3-cells. In diabetes only the /3-cells undergo 
degeneration while the a-cells persist in their original foriii. 
The extent of degeneration of /3-eells depends on the inten- 
sity of diabetes. The /3-cells suffer if. their function is over- 
strained by diets in excess of the weakened assimilative power. 
There is also evidence that recovery from degeneration might 
take place by the use of proper diet provided the degeneration 
has not become extreme 

The hormone produced by the islets, Insulin, when inject- 
ed subcutan eously or ultra venously produces a fall of blood sugar 
in the normal jierson In the diabetic too, it reduces blood 
sugar and glycosuria, and raises the Kespiratory Quotient 
and causes the ketone bodies to disappear. We may therefore 
briefly say, that Diabetes Mellitns is a condition which is due 
to the deficiency of In.sulin in the body. 

It is not quite certain hoAv Insulin acts in Diabetes There 
is eindence that it causes the glycogen to be formed and it 
diminishes glucoueogenesis. Both these processes are inter- 
related As I have already mentioned, formation of glycogen 
in the liver is an essential intermediate process in the meta- 
bolism of carLohydrates. This process is very much dimi- 
nished in diabcte.'i, but formation of glycogen in muscles still 
continues. Insulin corrects this. It also causes increased 
combustion of carbohydrates in the body I do not propose 
to enter into a detailed consideration of the conflicting evidrnce 
with regard to the mode of action of Insulin. Suffice it to say 
that “ there is no stage m carbohydrate niefcaboli.«m, up to 
that in which Lactic Acid is formed out of muscle glycogen, 
that thi.s hormone does not effect. It inhibits glueoneogene,<5is 
and stimulates glycogen formation m the liver in the diabetic 
animals, whereas it retards glycogen formation in this organ 
in normal ones, except as a late effect when the animal is fast- 
ing. Under all conditions, both in normal and chal'etic 
animals, it causes more carbohydrate.s to be oxidized, this 
being more marked in the diabetic animal, but so slight as to 
be imperceptible in normal ones, in which absoi-ption of 
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car})ohydrate from the alimentary canal is jiroceeding. The net 
effect of all those changes is to lower the percentage of sugar 
m the blood. . (Macleod ) 

There is still a good deal of mystery surrounding this ques- 
tion. In all probability, some unknown intermediate substance 
is formed in carbohydrate metabolism durmg the course of 
action by Insulin, which will furnish the necessary explanation. 

Lastly, I might add that we are still in the dark as to the 
true cause of diabetes. Although there is some evidence that 
excessive carbohydrate diet might affect the |8 -cells of the 
Islets of Langerhans, we are totally ignorant of factors which 
primarily affect them and i reduce those acute forms of disease 
as met with m early life. Various hypotheses have been put 
forward, namely, inflammation due to infection spreading 
from the duodenum up the pancreatic duct into the pancreas, 
thus reaching the islets ma the acini, changes in H-ion con- 
ceni ration of the blood due to dyspepsia or other gastro- 
intestinal derangements have also been blamed But we do 
not know the real cause. 

Methods oj Diagnosis — Apart from a complete qualita- 
tive and quantitative examination of the mnne for sugar and 
acetone bodies, the most important procedure to be earned out 
in a case of glycosuria is to estimate blood sugar and to 
carry out the sugar tolerance test, as described already. By 
this mechod»we are able to differentiate between true diabetes 
and renal glycosuria and can ascertam the seventy of diabetes 
if it exists It is also a valuable aid m judging the course of 
treatment. 

Other aids to diagnosis are — 

1 To determine the Eespiratory Quotient. 

2. To determine the alkali reserve of the blood. 

I do not propose, however to enter into a consideration of 
these 

I give below an account of some of the eases of Diabetes 
MeUitus at the Sm J. J Hospital, Bombay, on ivhom the Sugar 
Tolerance Test was earned out. 
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Case Records or Diabetes Mellitds — Sib J J Hospital, 
Eombav. 


1. A. K. G. Aged 22. 

Mohammedan. 

Hotel servant. 



Per cent 

Blood Sugar Easting lovel 


. 0 216 

Do Half horn aftei 60 gnns. Gluoost 

, 0 240 

Do One 

do 

0 266 

Do One and a half 

do. 

0 246 

Do Two 

do 

. 0 236 

Urine — Sugar present 

4,6 per cent. 

Acetone present. 



Fis. 21. 

A". K G Diabetes MeHitus. 
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Peon. 

Per 


2. L K. L. Aged 28. Mohammedan. 


Rlaod Sngivi’ Pastiiifl! Level 

Do. Half lio'ir after fiO gmi8 Glupose 


One and a halt hour do. 
Two do 


. . 0 176 
.. 0.222 
. . 0 236 
0.242 
.. 0.24G 


Unne . — Sugar present 7.1 per cent. Ho acetone or di- 
acctie acid. 



Fig. 22. 

Li Ki L. : Diabetes Melhtus. 
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Per oout. 

Blnod Sugar Pasting Lerel .. i 0 207 

Do Half hour after 60 grms Glucose . 0 206 

D.). One do . . 0 336 

Do. One ana a half do . . 0 301 

Do. Two do . 0 263 


Urine . — Sugar present 2. .5 per cent. No acetone or di- 
acetic acid. 



Fig. 23. 

Diabetes MeUitus. 
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f. H. K. B. Aged 30 Mohammedan. 


Blood Sugar Fastui)? Level 

T)o, Half houi after 50 gnir-j Glucose 
Uo One rill 

Ho One and a half do 

I)o, Tflo do 


her cent 
0 36 
0.444 
0.508 
. 0.421 

. 0.400 


Utine . — Sugar present 5 . 06 per cent No acetone or di- 
aoetic acid. 



Fig. 24. 

IF K. D . Diabetes MeUitus. 
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Pei cent 


JJIoocl Sugar Fasting Level 

Do Half hour after 50 grins Glucose 


One and a half 
Tuo 


0 10 
0 208 
0 208 
0 182 
0 167 


Urine . — Sugar present, 
acetic acid. 


trace only ISio acetone or di 



Fig. as. 

I T. D. Diabetes Mellitus 
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0. 0. B. Aged 30, Hmdu. Fanner, 


Bkiud Sugar Fasting Level 

Do. Half hour after 50 grnia Glucofo 
Do. One do 

Do. One and a hall do 

Du Two do 


Per cent. 
. 0.246 
. . 0 271 
. 0 201 
.. 0.267 
.. 0.256 


Urine . — Sitgar present 7.6J per cent. A trace of ace- 
tone present. 



Fig. 26. 

C\B Diabetes Mellitus. 
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Blood Simar Ftnliiig Lovri 

Do Half hour after 50 gnus. Glucose 
Do One do. 

Do One and a half do 

Do Two do 


Per Pont 
. . 0.282 
0 286 
. . 0 286 
. 0 280 
0.276 


Urine . — Sugar present 4.5 per cent hTo acetone or di- 
acetic acid. 



Fig. 27. 

H,A R, • Diabetes Mellitus 



Major S L. Bhatia 

8 B. B. Aged 26. Hindu. Policemau. 


Per fctit 


Blood Sugar Fasting I.o\ el 

Do Half hour after 50 gnna QIucobo 
Do . One do 

Do One and a half do 

Do Two do 


0 201 
0 231 
0.251 


. 0 251 


XJrinc . — Sugar present 6.6 per cent. Bo ac'^tone or di- 
acctio acid 



Fig. 28. 

B. R, • Diabetes MelUtus 
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10. A. M. Aged 10. 





Ter cent 

Blonrl Sugar Jjirsting Lei el 


0.227 

Do. 

jialf hour after 50 

grins Glucose 

. 0 23G 

Do 

One 

do 

.0 252 

Do 

One and a half 

do 

0 24fi 

Do 

Two 

do 

. 0.246 

Urine. — Sugar present : 

2.5 per cent 

IN'o acetone or di 


acetic acid. 


r" 

y. 



>i 1 


Fig. 30, 

A. M Diabetes Mellitus. 
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Fig. 31. 

D. AT , Diabetes Mellitus. 
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12. Miss M, M, Aged 30 


Blood Suf'ar 

Fasting Level 

Do 

Half ho'ii nftei 60 ginib t41ui,o,c 

Do 

Olio do 

Do 

One and a Imlf do 

Do 

Two do 


Pov oant. 

0 207 
. 0 313 

0 38 
. 0 3-1 
0 250 


Urine . — Sugar present 6.2 per cent 'tTo acetone or di- 
aeetic acid 



Fig. 32. 

ilns M. M Diabetes ^Melhtua 
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The following is a case of Eeval Olyoosima : — 

K. S. Aged ,36. Hindu. 


Per cent 

Blood Sugar Pasting Level 

Do , Half hour after 60 grms. Glucose 
Do One do. 

Do One and a half do 

Do Two do 

U)ine . — Sugar iiresent 1.6 per cent. No acetone or di- 
acetic acid 


0.120 
0.122 
0 124 
0 U8 


f': 

j... 

0 ? 1 



Fig. 33. 

h 9 Renal Glycosuria, 



Major S. L. Bhatia 


Treatment of Diabetes Mellitus — It is not my intention 
lioro to deal with the treatment of diabetes in any detail, but 
certain general principles may be stated. 

In the case of diabetes in the middle-aged, a chronic and 
mild affection, the common variety m India, the main indica- 
tion IS bo restrict the diet Any tendency to obesity should 
be corrected and if the patient is over-weight, his weight should 
be reduced to normal lunits. The diabetic should live on a 
lower diet than the normal person. His calorie requmement 
is more in the neighboiu'hood of 2,000 to 2,300 per day The 
amount of carbohydrate should be restricted, Pasting yields 
excellent results. If starvation is carried out on proper lines, 
blood sugar is lowered and glycosuria disappears. Then by a 
gradual increment of the amount by the ‘ Ladder ’ system 
a diet is reached which supplies the body with the necessary 
calories and the imne remains sugar free. In this connection, 
I may mention that the scheme of dieting suggested by Maclean 
IS very practical and may be adopted. 

In addition to dietetic restriction, Insulin may be necessary 
if there is any exacerbation of the symptoms, It is particularly 
so if the blood sugar is high, ketone bodies are present in the 
urine, or if there be any septic infection. Such cases when 
suffering from caibuncles, boils, influenza, gangrene, clc , 
should be treated with Insulm. 

In the acute type of case in the young, the treatment from 
the very start should consist of administration of Insulin 
Begulation of diet also, of course, is necessary. Here the 
rSle of Insulm is very much like that of Thyroid in the treat- 
ment of Cretmisni or myxoedema 

Soon after Insulin came out, some observers in India 
found, that it deteriorated m quality m the hot climate in 
this country. I carried out some experiments m my labora- 
tory in December 1923 and January 1921 to ascertain this. 
The record of one such experiment is as follows • — 

A rabbit weighing 2 115 kilograms was taken and was 
starved for 15 hours. Its fasting level of blood sugar was 
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0.131 per cent. One quarter (i) c c. or 5 units of Insulin was 
injecletl aJid the blood sugar was estimated afterwards 

Pei' rent. 

Hn,lf an hour after Inaiilin, the blood sugarwiiH . ..0 106 

One hour do. do . . 0 0686 

Two houra do do . . .0 067 

There was no evidence of convulsions. 

The samples of Insiilm now on the market are quite 
potent, and the results of treatment are very satisfactory. 

Before deciding on Insiilm treatment, the first thmg to 
make sure is that the case is not one of Eenal Glycosuria This 
constitutes a definite contra-indication The Sugar Tolerance 
Test helps in settlmg this point. 

Othoi contra-mdications are Angina Pectoris and marked 
cardiac degeneration. 

In the elderly patient, the principle laid down by Maclean 
IS to begin with small doses of Insulin and to increase the 
amount gradually until glycosuria disappears. It is advis- 
able to begm with 6 units twice a day and gradually work up 
to 30 units twice a day by the end of the month. After surgical 
operations, the dosage required may be greater It is given 
twice a day by injection about half an hour or so before the 
morning and evenmg meal. 

In diabetic coma our only chance of saving the patient 
IS to give Insulin. 20 to 30 units of Insulin should be 
given straightaway and the dose repeated until the condition 
improves Blood sugar estunations should be carried out at 
the same time. So long as blood sugar level is above 0.15 per 
cent Insulin can be safely repeated. If there is a tendency 
for it to fall below this level, sugar may be admmistered 

The danger of Insulin treatment is the onset of Hypo- 
glycamiia. Its symptoms are flushing of the face, sweating, 
pallor .sense of constriction about the throat and chest, giddi- 
ness, marked physical weakness, coldness of limbs, luco-ordma- 
tion of movements, tremor, often ending in coma and 
death The convulsions, which are often seen in rabbits when 
the blood sugar is 0.015 per cent or less, are not seen in man. 
This condition, which indicates oyer-dosage of Insulin, is 
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readily amenable to treatment. Insulin should be stopped. 
Sugar should be given by mouth, either in the form of barley 
sugar or glucose, orange juice, etc In an unconscious patient 
glucose may be given intravenously. Injection of 1 c c. of 1 
ill a 1,000 solution of adrenalin or pitiiitrin 1 c c. is a great help. 
The patient recovers leadily If Insulin is given carefully, 
there is no reason -why hypoglycsemia should occur. 

A large number of drugs, apart from Insulin, are adver- 
tised in the market for the treatment of diabetes, hut none of 
them is of any use, with the exception of synthaliu. Its only 
advantage is that it can be given by mouth, but it causes a 
greali deal of gastro-mtestinal disturbances, and its adminis- 
tration at the present stage at any rate is not to be recoin- 
mended. 

Hitherto the main Imc of treatment of diabetes has been 
dietetic Its only merit is that it has seldom been consistently 
carried out by the diabetics for any length of time With 
the introduction of Insulin, while a certam amount of dietetic 
restriction is ot course necessary, the patient can live a life 
of ease and comfort without too much ahstmeuce, for the 
dose of Insulin can be regulated according to the carbo- 
hydrate in-tako. It may be useful to remember that 1 unit 
of Insulm can deal with about 2 gnus, of glucose. 

Prophylaxis — The prevention of any disease can be effec- 
tively carried out only if its cause is definitely known. While 
we are still ignorant of the true cause of diabetes, ve know 
sufficiently about a few facts in its etiology to guide us to take 
some measures for its prevention. This is especially so m 
regard to the disease in the middle-aged and the old, which is 
so common in India Moderation in diet, especially in carbo- 
hydrates, active habits of life involving sufficient physical 
exercise and a placid temperament. Osier’s ‘Aequanimitas’, 
are matters worthy of most careful attention by all concerned. 
We in the medical profession who are concerned with the 
welfare of the individual and the race should do all we can to 
inculcate these principles, and thus mitigate to some extent 
at least, the havoc wrought by Diabetes in this country. 
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In conclusion I wish to thank you all for the patient hear- 
ing YOU have given I am particularly thankful to Sir B. IN'. 
Seal, the great savant and the finest type of Indian Scholar, 
who presides over the destinies of the University of Mysore, 
by whose courtesy I was able to come here and have the jiri- 
vilege of addressing you To Dr. A Subba' Eao, the distin- 
guished Professor of Physiology in the Medical College here, 
with whom the idea of these lectures originated, I owe a special 
debt of gratitude I would also wish to thank Dr. B. K. 
Uarayan Bao and Dr R Subba Eao and all others who have 
shown every kindness and hospitality and made my stay in 
Bangalore most enjoyable 

The prevalence of diabetes in India constitutes a very 
important Medical problem, and if by these lectures, I have 
succeeded in arousing inl,ere8t in it, so that some more workers 
may enter the field and do their bit to solve the problems which 
are still shrouded m mystery, my object will be served. 
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INTRODUCTION. 

Ill a previous communication (1) an account of the 
, skull of Loxis lydekkiTianus was given, wherein the affinities 
of this lemur to the Insectivore on the one hand, and its pro- 
gressive Anthropoid features on the other were pointed out. 
The lufluence of the assumption of tlic semi-ercct posture by 
this animal formed the suh]cct of discussion in the xiaper on 
the Arterial By.steni (2). The present investigation deals with 
the vertebral column and the appendicular skeleton, with 
some reference to the modifications incidental to the arboreal 
habitat of the animal. The description is based on an exami- 
nation of the skeletons of adult annuals, hotli male and female. 
The references to the descriptions of bones of animals, other 
than those of Lons lydekkerianus are taken from the classical 
paper of Mivart (3) and the splendid iiionogTaph of Gregory (4) 
The papers of Woollard (5), Le Gros Clark (6) and the mono- 
graph of Wood Jones (7) have been of great assistance m the 
preparation of this paper. 

We are greatly indebted to Profe.ssors E. Gopala Aiyer, 
S. G, M Eamanujam of Presidency College, Madi'as-and 0 E. 
JTarayana Eao of Central College, Bangalore, for help with 
111 era time Oim thanks are due to Mr E S Aiengar and 
Mr G. Shankar for the X-ray photographs and Mr. K Sonia- 
siindaram for some assistance m the preparation of a few 
diagrams. 

GENERAL DESCRIPTION OF THE VERTEBRAL COLUMN. 

The vertebral column consists of a series of small bones 
held together by ligaments ; and it forms not only the support 
of the trunk but also gives the trunk its normal shape and pro- 
tects the spinal cord with its membranes. It is situated on 
the dorsmn of the trunk in the middle line, and measures on 
an average 169 nnn On an examination of the column, it is 
found that its constituent segments or regions measure as 
follows . — 
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Cervical region 

mm. 

7 vertehr®. 16 

Thoracic region 

. 14 or 16 

„ 53 

Lumbar region 

9 or 8 

„ 62 

Sacral region 

. . 4 

„ (fused) 19.6 

Coccyx 

6 or 6 

„ 19.6 

Before describmg the 

characteristics 

of the mdividual 


vertebrse of the various segments noted above, an account of 
the vertebral column as a whole is considered necessary 

The ventral surface of the -vertebral column is made 
up of the centra of the various vertebrae Even a glance at 
it will reveal that the centra mcrease in length from the cer- 
vical to the lumbar series , while it is true that they enlarge 
in size in the manner noted above, it is to be stated that the 
enlargement is apparent only m the lower thoracic and lum- 
bar regions. Prom the sacrum there is a rapid diminution, 
m the size of the centrum, to the tip of the coccyx. 

The dorsum of the vertebnal column is characterized by 
tlie prominent spinous processes of the vertebrae In the 
living animal these processes can be felt as projections if a 
(inger is run along the back in the mid-dorsal Ime , the second 
and the seventh are the only two cervical vertebrEe that possess 
well-formed spmoiis processes. There is, however, a gradual 
increase in the size of the spinous processes, from the third 
cervical which has a very sharp and short spine, to the seventh 
cervical which bears a large-sized spine. In the thoracic re- 
gion the spinous processes attain considerable size , the anterior 
four project veriacally upwards, whilst the others slant cau- 
dalwards until at last they overlap to produce the charac- 
teristic tile-like arrangement. The spinous processes of the 
thoracic vertehrse are rectangular plates ; aud although the 
first three or four of the senes are nearly twice as long as broad, 
they gradually become broader up to the twelfth. 

The spmous processes of the thu’teenth and fourteenth 
vertehr® are peculiar in that their breadth is greater than their 
length The spmons processes of the lumbar vertehr® have 
imdergoue remarkable changes and are ridge-hke , further the 
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free borders of flie processes arc flattened ont to jn-odiice in- 
curved lips, one on either side 

The sacral spines, winch are more or less tnangnlar in 
shape, are prominent and separated from each other. The 
first vertebra of the coccyx has a rudimentary spine winch 
in others is conspicuous by its absence 

On either side of the Ime of spines is a gutter, the " Ver- 
tebral groove ” which runs the entire length of the vertebral 
column In the cervical and lumbar regions the vertebral 
groove is flanked laterall.y by the articular jnocesses, but in 
the thoracic region the lateral wall is formed by the transveise 
processes, whilst the articular processes form the floor of the 
groove The vertebral groove which is broadest in the cer- 
vical region and in the region of the first thoracic vertebra, 
becomes narrowed as the lumbar region is reached In the 
lumbar region though the groove is narrowest its capacity 
IS increased by the incurved lipping of the lumbar siimes. In 
the last portion of the Ininhar and in the beginning of the 
sacral region, the gutter which is flanked hy the Iliac bones 
IS deep It should be noted that the gutter is interrupted in 
this part as the articular processes form hut deficient lateral 
‘walls. The vertebral groove is absent m the coccygeal region. 
In this groove are lodged the deep and mlermediate layers of 
the post-vprtehral muscles. Looking at the dorsum of the 
vertebral oolmnn, one is impressed at the contmnity of the 
bony surface completely encasing the spinal cord The mi- 
hncated laminai and the spmes produce this effect all along 
the colninn except in the last lumbar interval 

The lateral aspect of the vertebral colmun jiresents in 
the cervical region a narrow sulcus which is formed by the 
transverse and articular processes. The snlcns winch occnines 
a relatively ventral plane ends at the first rih In the thoracic 
region there is no such sulcus as this interval is filled in by the 
vertebral ends of the ribs. On removal of the ribs, the facets 
for the heads of the ribs on the centra and those for the tuber- 
cles of the ribs on the transveihe processes become visible In 
the lumbar region again the sulcus becomes manifest. Here, 
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ils 111 tlif' cervical region, it i.s formed by the transverse and 
articular pro(;essog. The border formed by the transverse pro- 
cesses -which do not meet end to end, is deficient. 

The intervertebral foramina are situated between the 
contiguous borders of the pedicles of the vertebrsp In the 
cervical region they are very narrow .slits placed almost on a 
level with the centra , and m the thoracic region they are 
situated in a more dorsal plane, bigger in size and are visible 
at the angle between the posterior margin of the rib, and the 
body of the vertebra. The foramen is formed by the pedicles 
In the lumbar region the foramen is placed in a still more dorsal 
plane than that in the thoracic segment, a condition brought 
about by the very prominent centra and the wmg-lilce articular 
processes. The foramen is almost oval in this region and is 
flanked m its cranial part by the po,stcrior margin of the pedicle, 
a small portion of the lateral surface of the body and the ven- 
tral margin of the mammilary proce.ss (metapophysis) The 
caudal part is formed by the anterior margm of the pedicle, 
the accessory process (anapophysis), and a small area of the 
centrum. An examination of the intervertebral foramina 
brings out the fact that towards the cranial part the major 
portion of the foramen is formed by the anterior of the two 
vertebras and that as we approach the iielvis the share of the 
posterior of the two vertebrae is increased, the contribution 
of the anterior of the two vertebr® always being greater. 

The Vertebral canal which is formed by the bodies, pedicles 
and the lammae of the various Vertebrae follows the ciuves 
of the column to he described immediately. The cabal is 
transversely oval in the cervical region, ovalish in the thoracic 
and almost circular in the remaining portion. It terminates 
generally at the caudal end of the sacrum though at times it 
extends mto the length of the first coccygeal vertebra. 

THE CURVES OF THE VERTEBRAL COLUMN. 

The presence of curves is a strikmg character of the ver- 
tebral column. Piersol (8) while dealing with the curves of 
the vertebral column of the human subject, states that “the 
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curve of the spine is necessarily an arbitrary one since it vanes 
not only in individuals and according to age, sex and occupa- 
tion hut also on the time of the day and the posture ; being 
longer wlien lying than when standing and after a night's rest 
than a day's work.” 'With limitations depending upon the 
habit.s, posture, age, sex, etc , of the animal (Lons lydekkcria- 
nus) the vertebral coliiimi exhibits variations in the curvatures, 
bfevertheless the column presents a series of curves in what 
might be called its natural normal posture which has to be ex- 
plained on the mechanics of the stress and strain which it is 
subjected to Accordingly Lons lydekkerianus can be said to 
pnsso.ss the cervical, the thoracic, the lumbar and the saero-coccy- 
geal curves (Text Fig 1) Jn Lons lydekkerianus as in most 



A B 

Fig. 1. 

Diagrammatic representation of the curves of the vertebral column. A — Man , 
B— Lons lydekkerianus , C— cervical , D— Thoracic , L— Lumbar , S— 

otlier primates the cervical cimm is never a consolidated one, 
since it IS altered or obliterated on a change of position of the 
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head In the .'la.gaRal plane the cervical is convex forward ; 
the thoracic, the lumbar and the pelvic curves are concave 
forward In the prono-grade mammals there is a single curve, 
between the thoracic and lumbar regions , but m lliese animals 
tlie thoracic curve has a constant shape inasmuch as it is the 
persisting primary curve of the embryonic axis The cervical 
curve, on the other hand, is an attempt to laisc theliead from 
the thorax. The “ lumbar curve” is in this animal concave 
forward though not continuous with the thoracic curve. In- 
deed the thoracic curve is a segment of a circle with a shorter 
radius The liimhar curve is relatively more flattened and 
a dimple can be felt at the thoraco -lumbar •jmiotion demarcat- 
ing the two curves. We know that thus annual generally 
assumes a semi-erect posture , if it had assumed an erect posture 
there would have resulted a lumbar convexity, and if it were 
just like other quadrupeds there would not have been two enr- 
\atures between the neck and pelvis. It may therefore be 
suggested that the production of a separate lumbar curve is 
the result of the assumption for the major part of the day of 
a semi-erect postime and that it ocoip’S after birth. We have 
however not examined the vertebral columns of late intra- 
uterine embryos and of new-born or even of very young speci- 
mens The intervertebral discs play a minor part m the pro- 
duction of the vertebral curves They act as bufleivs between 
the individual vertebrae giving a certain amount of elasticity 
to the colmun as a whole. 

THE MOBILITY OF THE VERTEBRAL COLUMN. 

In any attempt to analyse the movements of the vertebral 
column we have to bear in mmd the fact that “ theniore massuve 
the vertebral centra, the lesser (would be) the mobility of the 
vertebra ” The truth of the above statement becomes obvious 
when it IS realized that the sacrum which IS formed by the fusion 
of several vertebral does not move at all The coccyx which form.s 
part of the framework of the pelvis does not take part in the 
movements of the column. In the cervical region the ver- 
tebras are siiiall and allow of a great latitude of movements 
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iu several planes In tlie tlioracie region -where movement 
IS inferior only to that of the cervical region, the centra are of 
medium size and allo-w a fair range of movements In the 
lumbar region, ho-wever, a very different condition obtains. 
The centra are nearly three fmies as long as those of the thora- 
cic vertebrae and appear to form a .senes of immovable joint, s 
allo-wing of no intervertebral movements at all. 

Further, except that of the last which is upiight, the neural 
spmes of the thoracic vertebifo are retroverted ; thus the ‘ anti- 
clinal ’ vertebra -which is situated m Lori.s lydekkerianns near 
the end of the thoracic rib-bearing senes forms the region of 
centre of motion If the animal i.s observed in its normal pos- 
ture (at rest) it is seen that the lumbar region is nearly straight, 
and that the thoracic portion of the column is bent about the 
centre of motion referred to above The upright neural spines 
of the lumbar region strengthens the statement that there is 
no movement of thelumbai region According to Thompson (9) 
‘‘ the length and inclination of the spines are proofs that 
the region at which they are long and strong i.s tiie one that 
bears the greater weight and the one that has to perform greater 
bendmg movements ” Thus taking the inclination of the 
spines into consideration, we And that in Loris lydekkenanus 
the greater stram during bending movements is borne by the 
posterior thoracic vertebra;, and that the weight is transmitted 
to the groimd, when the animal walks on all fours, by the 
anterior thoracic region. If the annual is watched while it 
is walkmg, it i.s seen that the weiglit is thrown on the front 
limb.'* The hmd limbs appear to be passive ; the heels do not 
touch the gromid. The hip and the knee jomts seem to be 
semi-flexed ; and the posterior half of the body Inmbers along. 
Professor Wood Jones, while discussing the spinous jiro- 
cesses of the vertebral column, states : “Great interest centres 
round the Lemurs m the study of the disposition of the spmous 
processes. In this feature the majority of them follow the 
Tree Shrews, and those that are characterized by special acti- 
vity present a remarkably double-sloped senes of spines ” But 
m the more active ‘ arboreal jumijers ’ like Tarsius and Galago 
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• tlie forward slope of the lumbar spines i.s particulaily acute 
But with some other Lemurs the most puzzling feature of the 
problem is introduced, for hfycticebus, as a type of the Asiatic 
Slow Lemurs, presenls a series of spines as uniformly retro- 
verted as that seen m the Sloths themselves ” The similarity 
between the vertebral spines of ISTycticebus, and those of the 
Sloths IS regarded by Wood Jones as a case of convergence. 
And again Wood Jones states that ‘ the case of the Slow Lemurs 
18 all the more interesting since the absence of a dorso-lnmbar 
centre of movement and the presence of a practically unilorm 
series of spines are seen m another group of arboreal primates. " 

The similarity of the neural spine series in Nycticebus, 
Edentates and some Anthropoidea is attributed to the arboreal 
habits of the animals It is important to observe here that 
Lot IS lydeMet iamis which is no less arboreal than the animals 
referred to above possesses a vertebral column m which the 
anterior thoracic neural spines are retroverted, and the last 
thoracic vertebra bears an upright spine, a feature which it 
shares with the lumbar vcrtebive Tins difference is probably 
due to the fact that in Lons lydekkerianus the vertebral 
column does not act as a whole , the anterior thoracic vertebral 
segment bends like a spring on the centre of motion. 

THE VERTEBRAE. 

The vertebrne possess some common features which under- 
go modifications according to the regions in which they occur. 
The first and the second cervical vertebrse, the sacrum and 
the coccyx undergo very marked alterations. 

A typical vertebra consists of a hodj'- or centrum, from 
the dorso -lateral angles of which a pair of pedicles sprmg. The 
pedicles support a pair of laram® which meet in the mid-dorsal 
hue to form the spinal canal (vertebral foramen). From the 
sides of the arch, at the junction of the pedicles and lammse 
project the transver.se processes The articular surfaces (An- 
terior and Posterior Zygopophyses) arc situated at or near the 
lammo-pedicular junetion. At the junction of the two laminte 
the spmous process projects 



109 


The Anatomy oP The LemuroIOEA 

Tlie ceutram is cj’-lmdrical witli rougli anterior and pos- 
t(*nor surfaces wlucli articulate -witli the intcrverteliral fihro- 
cartilages. The dorsal surface of the centrum is flat, quadri- 
lateral in shape and is perforated by many vessels one of which 
is of considerable size. The anterior and posterior borders of 
contiguous pedicles contribute to the formation of the inter- 
vertebral foramina The transverse processes of the vertebrae 
present m the thoracic region a facet, the costal facet, with 
winch articulates the tubercle of the correspondmg rib In 
the cervical region the costal element of the transverse process 
forms the ventral wall of the ‘vertebrarterial foramen’ so that 
the transverse process is really a complex of the t7ve tiansverse 
plement and the costal element, separated by a foramen and 
joined by a costo-trans verse bar In the lumbar region the 
transverse process proper is reduced to a very rudmieutary 
‘ inammilary ’ and a prominent ‘ accessory process ’ whilst 
the costal element forms the transverse pi'ocess The anterior 
and posterior edges of the lainma of the neural arch bear flat- 
tened, nearly oval and smooth facets vhrch are called Zyga- 
pophyses and which articulate with the corresponding facets 
of the vertebra in front and behind The articular facets are 
disposed in a systematic manner The one situated on the 
front edge of the arch, the pre-zygapophysis, is directed dorso- 
inedially whilst that on the posterior edge, the post-zygapo- 
physis, IS diiected ventro-lalerally 

The .«pinal canal (vertebral foramen) is bounded ventrally 
by the dorsal surface of the centrum, the flbro-cartilage and 
the dorsal longitudinal ligament, and dorsally and on the sides 
by the lamina?, the liganienta flaim and the pedicles The 
eaual lodges m addition to the spmal cord, the membranes 
of the cord, the spinal nerve roots the vessels supplying the 
vertebrae and a, vaiying quantity of adipose tissue. 

The Cervical Vertebrae. 

The first cervical vertebra also known a'l the Atlas (Text 
Fig, 2) supports the globe of the head It has no centrum 
and is devoid of the spinous process. The bone is rmg-shaped 
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Fig. 2. 

Diagram ol Atlas. A — Anterior view , od — position of odontoid ; tal,— trans- 
verse atlantic ligament , of — condyloid facet ; tp — transverse process , 
sf — subocoipital foramen , B— Posterior view , at— anterior tubercle , 
af— articular facet , vaf. — vertebrartenal foramen. 

and consists of a ventral and dorsal arch and two lateral masses. 
The ventral arch contrihute.s a fifth and the dorsal arch two- 
(Ifths of the ring Some flbies of longus colli muscle get at- 
tached to the ‘ anterior tubercle ’ situated m the centre of the 
convex venteal arch. The inner siu’face of the ventral arch 
possesses an oval facet for the odontoid process The dorsal 
arch has a very inidiinentary tubercle to which the Recti capitis 
inusclp.s are attached. On either side is the foramen which 
transmits a muscular branch from the intra-osseous part of 
the vertebral artery The lateral ma.sses support the weight 
of the head when in the serai-erect posture. Each of the 
lateral masses, it is to be noted, contributes a fifth of the ring. 
The cotylus or the condyloid facet which is borne on tlie an- 
terior aspect of the lateral mass articulates with the condyle of 
the occiput. The auricular cup-shaped faceL.s, one on either of 
the lateral masses, approach each other dorsal ly and diverge 
ventrally. They are, however, not so very divergent as in 
Macacus, or Lemur mongoz and appear to be more like those 
of hTotharctus. Projecting from the inner margins of these 
facets, nearer the ventral margin are two tubercles which serve 
for the attachment of the transverse atlantic ligament The 
latter divides the rmg of the atlas into two unequal compart- 
ments, the ventral of which kelps to keep steady the odontoid 
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and the dorsal one lodges the spinal cord. The posterior 
Zygapopliyses are rounded, directed medially, posteriorly and 
■slightly dorsally They are slightly concave and articulate 
irith the pre-zygapophyses of the axLS. The transverse pro- 
cesses are farther apart than in any other vertebra, and the 
costal and transverse elements are fused to form a single 
tubercle It Is interesting to note that in Cebiis the trans- 
verse processes are turned ventralward indicating short longiis 
colli muscles but m Lons lydekkerianus they are directed 
antero-posteriorly as in hTotliaretus and L mongoz The 
transverse process bridges over the ‘foramen transversariuni’ 
as in L mongoz, rebu.s and Macaciis and iii tins respect L. 
lydekkerianus differs from Hotharctiis in 'which it does not 
bridge over the ‘foramen transversariiun’. 

The ‘ foramen traiisversarmm ’ is at the base of tlie trans- 
verse process and runs first anteriorly and then turns almost 
at right angles to run an intra-osseous comse to open at the 
retreating angle between the lamina and the condyloid surface 
Diirmg the intra-osseous course the artery gives off an anasto- 
matic branch which comes out through the foramen already 
referred to TJie sub-occipital nerve after it leaves 1/he spinal 
cord runs alongside of the artery iii its mtra-osseous course to 
emerge on the anterior aspect of the transverse process at its 
base. It IS to be stated here that the artery and the nerve 
diverge at almost a right angle. The comparatively larger size 
of tlie opening for the spinal cord, tlie disposition of the sub- 
occipii al nerve and the vertebral artery, are in harmony -with 
the progi‘o.ssive nature of Lons lydekkerianus, and it also 
suggost.s that the animal under study is in advance of Hoth- 
arctiis and that though it has .several characteristics m com- 
mon, its rank is lower than that of Macaems and Cebns 

The axis (Text Pig 3) Is easily identified by its odontoid 
process which projects forward from the centrum and round 
which the atlas carrying the head rotates. Been from behind 
the axis is imbke the other cervical vertebrae since all its indi- 
vidual parts are massive each to each m comparison with 
those of the others, The spinous process and the transverse 
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Fig. 3. 

Diagram ot Axis. A — Lateral view, od. — odontoid process, af — articular 
facet , V af — vertebrartenal foramen , tp. — transverse process , sp.— spine; 
B — Dorsal view (slightly tilted), Lettering as in A. 

processes of the other cervical vertebr® are much shorter. The 
centrum of the axis pre,sent,s a marked hypapophysial ridge 
a,s in Oebns The extension posteriorly of the base of the ven- 
tral surface of the centrum contributes to the formation of 
the convexity, ventrally of the cervical .segment. 

The odontoid process is a strong conical process ivith a 
globul ar extremity It is smaller than m the carnivores At 
its junction with the centrum is a constriction, the neck On 
its ventral aspect, a short distance from its free end is a fairly 
big, round convex facet for articulation with the ventral arch 
of the atlas. On its dorsal a.spect is a groove for the trans- 
verse atlantic ligament In addition there is a ridge m the 
median line on either side of which the alar ligaments get 
attached. The pedicles and the laminse together form four- 
fifths of the almost circular, comparatively large neural canal 
The transverse processes are divergent as in Fotharctiis 
(Gregory), and they are proportionately massive, winglike and 
do not resemble those of Oebns or Macacns except in some 
mmor characteristics. The true transverse elements are at- 
tached to the centrmn, but the costal elements arise from the 
pedicles and enclose the vertebrarterial foramen which is 
quite big The tip of the transverse process is not bifid. 
The spinous process is the most prominent of the 
cervical senes It ends in an extensive knoblike extremity 
with rough depressions for the attachment of ligaments and the 
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muscles of the back of the neck. The pre-zygapophyses are 
situated on the body as they transmit the weight of the head 
du'ectly to the axis, and they are du'eeted antero-latorally and 
articulate rvith the atlas. The post-zygapophy.ses are much 
smaller. The pre-vertebral notch which is well marked and 
deep, lodges the vertebral artery The nerve lies behmd the 
artery in this situation The post- vertebral notch which is also 
well marked contributes to the formation of the inter-vertebral 
foramen for the spinal nerve roots 

The following feature.^ of the axis indicate that Loris 
lydekkerianuH belongs to a progressive type : — 

{a) The strong, if not massive, odontoid process. 

(ft) The pronounced median hypapopliysial ridge 

(c) The posteriorly produced median ventral surface. 

(d) The alar termination of the transverse processe.s. 

General Ohara eieriskes of the Gcrvical Yettebia (Text Fig. 4.) 


C.tfv 

tt/v 





Fig. 4. 

Diagram of a cervical vertebra (Posterior view) psc — posterior surface of 
centrum , c tp — costal element of the transverse process , t.tp — trans- 
verse element of the transverse process. (Coato-transverae bar is shown 
by shaded pottron between c tp. and t.tp.) v.af, — vertebrartenal 
foramen , af —articular facet , sp. — spine. 

The centrum is small and flattened dorso-ventrally. The 
siu’lace.s slope in such a manner that their ventral margins 
are on a more posterior level than them dorsal margms The 
costal element arises from the angles of the centrum whilst the 
transverse elements .spring from the pedicles. The enclosed 
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foramen transversarmin is apposed to the body The costal 
and transverse elements are horizontal plates of hone placed 
one belimd the other, and the eosto-transverse plate is so form- 
ed as to produce a hollow sulcus in -which lies the spinal nerve 
root The nerve lies behind the vertebral artery The costo- 
transverse bar IS deficient and is bifid at the free end the more 
dorsal of the bifid ends ns the longer and ns produced to a greater 
extent dorsally than the anterior ventrally The costa] 
element, as it joins the body, produces an anterior lijipmg of the 
anterior surface of the centrum. Into the concave surface 
thus formed the posterior projecting siu-face of the next bone 
IS received. The articular facets are at the lamino-pedicular 
junction The anterior facet (pre-zygapophysis) is inclined 
to the median Ime -whilst the posterior one (post-zygapo- 
physis) ns inelmed laterally. The laminae are slender plates 
■winch contribute to form more than half of the short neural 
canal. The neural spine.s of the cervical vertebrie vary in size. 

The, thud cei meal vertebra — The spinous process of this 
vertebra is but a tubercle at the junction of the t-wo laminsp 
The fourth cervical vertebra has a slightly longer spme If 
the third and fourth vcrtebrie are laid flat on a plane surface, 
the tips of the tran.sverse proees.ses and that of the neural 
spme of the latter come into contact -with the surface but the 
spme of the former does not touch the surface. This ns due to 
the varying curvatures of the arches of the lamiiifp. The fifth 
vertebra, except for the longer neural spme it possesses, is iden- 
tical -with the fourth. The sixth cemoal vertebui generally 
resembles the fifth one but the groove for the cervical neiwe is 
bigger and the spmous process assumes the character of a real 
spme. 

The seventh cervical vertebra . — The laminae of this 
vertebra are broader bemg nearly one and a half times as 
broad as that of its immediate predecessor The spinous pro- 
cess is the longest of the series exceptmg that of the axis The 
inclmation of the spme is not so acute as those of the other 
cervical vertebrse but is nearly vertical and re,scmbles the first 
thoracic neural spme, 
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Tlie tr.in&verse processes -winch are the longest of the scries, 
present some variations. In some specimens the vertebrar- 
torial foramen is enclosed, in others not. Where the costo- 
transverse bar is present and the foramen enclosed, tlie tips 
of the costal and transverse elements are more divergent than 
the others The former lies across the transverse process of 
the first thoracic vertebra. When there is no enclosed fora- 
men, the transverse element is stouter and longer and at the 
same time the costal element of the sixth cervical vertebra 
■which assumes greater prominence make.s a definite attempt 
to lie across the transverse process of the first thoracic vertebra 
but ]ust falls short of tins condition. It should be stated that 
thela.st cervical vertebra does not articulate with the first rib, 
and that we iiave not come across any specimen with cervical 
ribs, 

Thoracic Vertebrae — General Description. 

The total number of thoraco-lnmbar vcrtebiw is 23 of 
which II or 15 constitute the thoracic vertehue The vertehire 
of this region mcrease m size cranio-caudally though imper- 
ceptibly The facets on the ventro-lateral angles of the ver- 
tebral centra tor the heads of the ribs form a distinguishing 
featiiiG of the series. Further the transverse processes of all 
but the last two thoracic vertchrse bear on their ventral aspect 
articular facets for the tubercles of the ribs The body of each 
vertebra articulates with Iwo pairs of ribs — the pau‘ with winch 
the vertebra numerically corresponds and the one next to it 
It 1 .S to he noted that as m Tilotharctus, the anterior articular 
surface does not mahe an angle with the long axis of the cen- 
trum. The centrum re.semb1es that of L mongoz and of 
Cebus in being more or less cylmdrieal, and differs from the 
transversely elongated centrum of Macacus The ventral 
.surface of the centrum is convex as m Cebus and not flat as 
in Hotharctus The thoracic transverse proce.'sses which are 
broad and ex])anded antero-posteriorly are more appressed 
to the sides than m the case of Notharctus, Cebus or Macacus 

A brief description of the neural spines has already been 
given (see page 107) The neural spines which arc long are 
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reofcringular pltites springing from the Ifimmse The disposition 
of the spinous processes vanes m that the earlier ones are 
nearly vertical, and the following ones are sloping towards the 
pelvis The slope or the inclination becomes more and more 
pronoiinoed until the typical tile-libe arrangement is produced 
The spine of the last thoraeic vertebra, however, has so alter- 
ed tliat its breadth is greater than its length and it is directed 
vertically upwards. 

A Typical Thoracic Vertebra (Text Tig. 5). 



The thoracic vertebra lias a more or less eylmdrical body 
whose am ero-po.'. tenor diameter i'- greater than the dorso- 
ventral, and who.se latei.al diameter is greater than the dorso- 
ventral The flat anterior and jiosterior surfaces of the body 
are like the greater sectors of a circle The anterior surface 
is at right angles to the long axis of the hody whilst the pos- 
terior surface is slightly mclmed so that its ventral margm is on 
a more posterior plane Tliongh a definite liypapophysis is 
not in evidence, it is easy enough to make out that the centrum 
IS compressed laterally prodnemg two saddle-shaped areas 
on either side of a mesial prommenee. At the ventro-lateral 
angles are to he seen an anterior and a posterior pair of facets, 
the former of which is the larger. These facets along with 
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Llif),se on the contiguous vertebrse and the intervening fibro- 
cartilagca form shallow, cu'cular sockets for the heads of the 
ribs The pedicles which are flattened shoiv an anterior incli- 
nation. As they spring from near the anterior margin of the 
body the anterior vertebral notch is rendered shallower. The 
roominess of the posterior notch is impaired by an oblique 
bridge of bone which passes from the body to the pedicle thus 
creating two foramina : the small one exclusively for tlie vem, 
and the larger one for the spinal nerve root In addition, 
just by the side of the foianien for the vein is another minute 
foramen which probably is for the nutrient vessel. The 
laminEP which are inclined caudally lie on a more posterior 
plane than the posterior margin of the centrum. They are 
broad and overlap tlie laminae of the succeeding vertebra and 
produce the imbricated appearance The vertebral foramen 
IS ovalisli transversely and relatively smaller than in the cer- 
vical region. The neural spine is a long, flat rectangular plate 
of bone and is inclined caiidalwards. The free border of the 
spine IS slightly thickened The prc-zygapophysis projects 
forwards directly from the junction of the pedicle and lamina. 
It IS directed dorso-laterally. The post-zygapophysis is less 
promment and is directed ventro-medially The transverse 
process is flat and projects laterally from the laniino-pedi- 
oular junction with a slight mclinatiou cranialwards. Its 
extremity hears on its ventral aspect a fau'ly big-sized circular 
facet for tlie tubercle of the rib. 

The first thoracic vertebra — The anterior articular facet 
is complete and the first rib articulates with it The posterior 
facet conforms to the usual type The anterior articidar 
facets (pre-zygapophyses) are far apart being situated on the 
transverse processes The anterior and posterior vertebral 
notches arc about equal m depth There is no oblique bridge 
of bone dividing the intervertebral foramen. The transverse 
processes are pushed farther outwards by the higger-sized 
pedicles 

The tivelfth vertebra has a larger body and resembles the 
Uimbar vertebra, The transverse process which is thick and 



118 DR. A SUBBA RAU AND K. SUNDARESAN 

.short poss6s.ses an articular facet for the tubercle of the thir- 
teenth nb, and a tubercle for attachment of muscles and liga- 
ment, s The posterior articular facets originate from the 
laminae and are set far apart. The foramen for the vein is 
present 

The ihirteenth vertebra — The tran.sverse process is a tiny 
spicule projecting posteriorly to support the bony bridge which 
transmits the vein from the vertebral canal. The zygapo- 
physes are very promment. The pre-zygapophysis which is 
directed anteriorly, is bigger and bears a facet which is cup- 
shaped and which is directed dorsally and slightly medially. 
The po.st-zygapophysis which arises from the lamina is direct- 
ed posteriorly and bears a facet which is directed ventrally 
and slightly laterally The tran.sversc process does not arti- 
culate with the rib and the facets for the heads of the ribs are 
borne by the centrum 

The fourteenth vertebra resembles the lumbar vertebra 
to the greatest extent The transverse process is rudimen- 
tary, there is no special foramen for the transit of the vein. 
Anapophyses and metapophyses are just making their appear- 
ance The dispo,sition of the jire-, and po,st-zygapophyses is 
more or lew similar to that of the thirteenth veitebra. The pre-, 
and post-zygapophyses meet to produce wing-like expansions 
and enclose foramina which lodge the vems. The facet for 
the fourteenth rib is just under a circle There are no posterior 
facets for these ribs. When there are fifteen thoracic vertebiw, 
the last three of the series assume the characteristics just 
mentioned. 

The Lumbar Vertebrae. 

The lumbar vertebrie are nine or eight in number so that 
the number of thoraeo-lunibar senes is always twenty-tliree 
They can be quite easily distinguished from the cervicals, and 
most of the thoracic vertebrae by their size The vertebrar- 
terial foramma and the costal facets are absent 

A typical lumbar vertebra (Text Fig 6). — The body of 
the vertebra which is nearly twice as long as broad, is cylin- 
drical in shape though it."? transverse diameter is greater than 
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Fig. 6. 

Diagram of a lumbar vertebra (Lateral view), a so.— anterior surface of 
centrum , met — metapophysis, , a.af. — anterior articular facet ; sp. spine, 
pay — post-aygapophysis ; a ap. — anapophysis ; hyp.— hypapophysis , 
tp.— transverse process 

the vertical The ventral surface of the hody is divided into 
two convex surfaces by a prominent livpapoiihysial ridge. 
On either side of the hypapophysns is a foranien for a vem 
The foramina, however, are prominent in the more posterior 
centra of the senes The dorsal surface of the body is as usual 
rough and presents a relatively large foramen m the centre 
for a vein The anterior and po.sterior siu'faees are flat The 
pedicles are flat plate, s arising along nearly the whole length 
of the dorso-lateral angles. Anteiioily the pedicle is flush 
with the surface It jirojeets dor, sally with an anterior incli- 
nation, with the result that the anterior veitebral notch is 
mconspicuous whereas the posterior notch is rendered very 
deep The laminfe are flat plates and take origin from the 
dorsal margms of the pedicles They meet in the mid-d orsal 
line The plates are of such a .diape that they produce anteri- 
orly a V-shaped mcisura but posteriorly tlie united margin 
is more or less horizontal. It is obvious that the lammre are 
placed on a more posterior plane than tlie body in.a,miuch as 
the body aud the lainmae are of equal length. The free mar- 
gin.s are bevelled for articulation with the coiitiguou,s verte- 
brse. The spinous proce.ss is a thick and promment ridge, 
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tlie free dorsal margin of -which iti ciu’led into lips Tins ren- 
ders the otherwise thin iiiargm into a narrow surface The 
dorsal surface of the lamina, the sides of the spine -with its in- 
curved margin and the dorsal surface of the Zygapophysis 
together fo^’m the boundary of the gutter referred to above 
(see page 103) The zygapophyses are by far the most strilimg 
parts of the lumbar vertebrae They project beyond the level 
of the body m all directions. Vie-wed from the dorsal aspect, 
the body is invisible except at the mcisnra produced by the 
laiuinse. The pre-, and post-zygapopbyses meet to form a 
wmg-like expansion and enclose a foramen for the vein as m 
the fourteenth thoracic vertebra; but as we approach the sacnim 
the fusion is incomplete and the foramen which persists is com- 
pleted by a fibrous band running across the mterval between 
the two processes. The pre-zygapophysis has a deep concave 
facet directed dorso-medially The facet of the post-zygapo- 
physis IS convex and directed ventro-laterally. 

In the lumbar vertebra? the costal element persists as 
the iransoerse ptocess whilst the true l)ansve)se element is 
broken up into the metapophysis and anapopliysis. The 
luetapopbysis which is a ruduuentaiy luherole fiankuig tlie_ 
anterior articular facet medially, is situated at the junction 
of the pedicle and the lamma. The anapopliysis, on the other 
hand, is a fairly hig triangular spicule dnected caiidalwards 
from the posterior margin of the pedicle The successive lum- 
bar veitebrae form, in tins animal, a senes of more or less im- 
movable jomts and thus produce a nearly immobile consoli- 
dated lumbar columm The anapopliysis and the posterior 
zygapophysis form a retreating angle into which the anterior 
zygapophysis and the rudimentary metapophysis of the sne- 
ceedmg vertebra are wedged. Moreover the bevelled edges 
of all these together with the bevelled laminas complete the 
solidarity of the joints. 

The transverse processes are, as noted above, the costal ele- 
ments and they are rudimentary m the anterior part of the 
lumbar region, wlulst in the posterior part of the region they 
gradually mcrease in dimension until at last in the last of the 
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senes they attain considerable proportions. These process* 
which ought really to be considered as arising from the veutr* 
lateral angles of the centrum are not inclmed either anterior] 
or posteriorly The vertebral canal is o-<’al and much small* 
than in other regions 

In the last three vertebrae the zygapophyses are *Iiscret 
and the gaii is bridged over by a .strong fibrous band whic 
produces the foramen for the vein as in the previous vertc 
bra? The bodj'- of the last liunbar is actually shorter than tha 
of the penultimate lumbar The last lumbar takes an acti\ 
part m the foinialiou of the pelvic girdle in some specimen 
and in .sucli a case it possesse.s on the trausveise processes an 
tlie po-4t-zygapophyses facets with which articulates the Ileum 

It IS interesting to note that m leaping arboreal annual 
the neural spines of the lumbar vertebra? have a forward in 
clmatiou because of the strong pull of the erector spime o: 
them In animals which do not generally assume an erec 
posture the spmes are also drawn f*nwards. Thio conditio: 
obtains in Lemurs wdiich do not a.ssume an erect posture am 
which are at the same time given to leajimg from branch t 
branch. Tint L lydckkeriami.s which is very slow m it 
movc‘ment.s, which usually assumes a semi-erecl i)ostnre (escep 
when walking) and which wo have never seen to leap in anj 
circumstance, possesses rudunentarj vertical neural spine 
which extend slightly posleriorlj' Closely correlated wit! 
this is the weak nature of the erector spinse , further the tran,s 
verse process carries a posterior proces.s of considerable strengtl 
for the strong Psoas muscles which are coiistauily used to clra?? 
the femora fonvard, a feature that i.s common to all Lemur 
oidea but which m Anthropoids gradually disappears unti 
at last m man they become very small with practically n* 
teniiion on the p=:oas. The rudunentary nature of the Imnba: 
spine with the associated weak erector spime muscles is thu 
the result of the peculiar habits of tlie animal. In other w ord.s 
the skeletal structiu’cs, as also the as.sociatcd muscles of th* 
lumbar region, have adapted themsehms to meet the alterec 
stress and stram 
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The Sacrum. 

Tlie sacrum is a compound bone iormed )jy tlie fusion of 
four sacral vertebra; , ^vc have followed Milne Edwards in 
fixing the po.st.erior limit of the sacrum by taking “ the place 
of insertion of the isehio-sacral ligaments ’ into consideration 
The sacrum is wedged m between the two Tlea and it can be 
felt m the small of the back between the upper parts of the 
two hips. It IS held in position bj'^ strong ligaments and has 
the form of an inverted pyramid the apex of which is complet- 
ed by the coccyx The cranial part of the truncated pyramid 
IS broad and the caudal part is very narrow. The sacrum has 
a base or anterior surface, a narrow truncated apex, a rough 
dorsal and two lateral surfaces and it has three borders • — 
a ventral rounded border, and two interrupted posiero-lateral 
borders 

The base is directed forwards and slightly dorsally ; its 
ventral portion is formed by the anterior sinface of the first 
sacral vertebra. The neural canal is very much reduced and 
is nearly round. The pre-zygapopliyses of tlie first sacral 
project dorsally The centre of the ventral border of the body 
is marked by a prominence, the promontary of the sacrum. 
The apex is the posterior sm-faee of the last sacral vertebra. 
The dorsal surface of the sacrum is rough and presents a series 
of spmes, which are discrete and of varied sizes The first 
sacral bears the largest spine whilst the second the smallest. 
It is not unusual to find these spines bridged across by bony 
trabeculse. The zygapopliysc.s are all fused together. On 
either side of the spine, corresponding to each vertebree, is a 
foramen 

The rounded ventral border which carries promment 
liypapophyses forms part of the sacro-coccygeal curve. Begin- 
ning at the promontary it runs posteriorly and slightly dorsally 
up to the end of the first sacral, and il then takes a sudden dip 
in a more dorsal direction up to the end of tlie second sacral 
and finally curves ventrally and posteriorly to the end of the 
sacnini to become continuous with the coccygeal portion of 
the curvature 



THE ANATOMY OF THE HEMUROIDEA 


r^o 


The ventro-lateral surfaces . — ^Here the lines of fusion of 
the vertebrfp can be easily made out. The mtcr- vertebral 
foramina are double m those masse, s which take part in the 
formation of the hip-giidle as an anatomical necessity whilst 
m others of this scrie.s the foramina are normal. The foiamen 
for the dorsal ramus lies ventral to the zygapophysis of the 
second sacral while that for the ventral lamus at the junction 
of the first and second sacral On the dorsum of the fused lateral 
mas.s IS the irregularly oval, dorsn-late) ally du-ected ‘ auricular 
area ’ anterior to which is an irregular rough dejiression for 
the strong sacro-iliac ligaments “ The auricular area ” makes 
an angle of 30° with the median line 

It is a well-known fact that greater the iinniber of anky- 
losed sacrals, greater is the fixity and stronger the attachment 
of the pelvis to the vertebral column In the higher Anthro- 
jioidea there are generally five .sacral vertebrse ankylosod. In 
the monkeys there are two or three and rarely four ankylosed. 
The vertebrse that actually take part m the sacro-iliac arti- 
culation are the true sacrals whilst the others aie pseiido- 
sacrals which properly belong to the caudal series In the 
Anthropoidea and m monkeys the first three share in the for- 
mation of the facet , in the lemurs the first sacral mostly hears 
the articular surface In Lons lydekkerianiis the first and the 
major portion of the second sacral vertebrse contribute to the 
sacro-iliac articulation 

The contraction of the articular portion in Loris lydek- 
kerianiis IS presumably associated with partial uprightness 
and the absence of a tail ; for in the tailed forms such as Cebus 
and Macaciis this contraction is not observed, although in the 
slender tailed hTotharctus it is observable. 

Variation in the Sacrum — ^In the sacrum of one of the speci- 
mens the last lumbar vertebra has become incorporated with the 
first sacral with the result that the sacrum has now two promon- 
taries produced by the last lumbar and the first sacral vertebne 
re.spectivety. The sacrum propier appears to be deeply sunk. It is 
massive and consists of only four bones The crest of the ilium 
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IS at tlie level of the anterior border of the la,st lumbar. The 
LorisiuEe have particularly long coelomic cavity due to the largo 
number and the length of the individual lumbar vertebrju. 
The sacrum and the pelvic girdle hare shifted forwards m this 
particular specimen and lessened the extent of the coelomic 
cavity 

This reduces the pre-sacial vertebiie to 29 instead of 30 
which i,s the constant number for the species but does not tend 
to reduce the mmiber of coccygeal vertebrae which here is six 

The Coccyx. 

The Goceyui consists usually of five individual vertebrae Th e 
fii'at has a fau’-sized spine and rudimentary articular processes 
which form a tunnel for the egress of the last sacral nerve The 
members decrease m size gradually until at last the last ver- 
tebra IS but a conical piece of bone. They are all cvlmdrical 
in shape with rudimentary spines and articular processes The 
last coccygeal is all centrum m contrast to the first cervical 
which does not possess a body at all The number of coccy- 
geal vertebi'Ee is liable to variation . may be reduced to four 
or increa.sed very rarely to six 


Tn the following table is appended a comparative state- 


meat of measurements of the vertebral column — 



Lorib 

Nothaic - 

Lciiini 

Particulais 

lydekkeri 

tus 

mong()7 


mm.’ 

Oaboim. 

mm 

mm 

Total length of Cervical Veitebiio 

15 



Do Thoracic Vertebiai 

03 



Do. Lumbar Vertebiai 

02 

92 

9l’6 

Do Sacrum 

19 5 



Do Coccyx 

19.6 



Total length of column 

109 mi 



AtUis. — Antero -posterior diameter above 
vertebrarterial foramen 

6 

6 6 

0 3 

Transverse diameter 

16 



Vertical diameter 

7 6 



Aris (C 2) Base tn lip of Odontoid 

. 0 



Erfreme Transverse 

9 



Tip of Tr to tip of spine 

9 



C 3 Ant Zyg to Post Zyg. 

C.4 Do. 

3 

b 

3 60 

3 

0 

5 01) 

0.7 Extierae Transverse 

Anteio-postenor 

11 50 

3 6 





'i'Ht, Anatomy oi'’ the Lemuroidea 


125 


Paitic-ulais, 


Loris Nothaic- Lemur 

lydekkeu- tus mongO/!. 

anus. Osbonvi. 


Luibal 1 
Dorst'l 1 
D<,i'sia 10 
Doiaal 11 
Doisal 14 
Lumbar 1 
Luvnbav 2. 
Lumbar 5 
Luwbai 7 
Limibai 8 


ib) 

(«) 

{b) 

(«) 

(/') 


[b) 

(«) 

{b) 


(haii.etei of body (n) 
diamctci (b) 



i 7 5 0 

4 7 4 » 

3 1 8 3 () 

4 7 8 

4 1 10 8 7 

3 5 ,8 .3 7 0 

4 1 . 10 

3 0 . 9 5 

4 0 


5 10 3 

58 13 3 13 4 

5 10 10 9 

7 15 0 

S 8 12 0 

7 13 5 113 

02 12 12 7 

5 5 11 i 

.3 5 .. 12 (J 


Saoiuiii. 


S 1 

S. 2 
S 3 
S 4 


Aut Post diameter (n) 

Traiisi erse diameter acioss tl o 
Piotess (6) 


of centrum 
of centium 


THE STERNUM AND THE RIBS. 

The Sternum. 

Like tlie vertebral column, tbe sternum wliicli measures 
about 36 mm. in length is formed by a senes of bones called 
sternebrte held together by flakes of strong fibrous tissue. It 
IS placed in the median line on the ventral aspect of the thorax, 
and IS connected on each side to the vertebral column by the 
ribs and tbeir costal cartilages. The cartilages of tbe anterior 
nine ribs articulate witli the sternum directly ; fom’ or five get 
attachment m an indirect manner and the last of the series 
whicli is free, is knou-n as the floating rib. It can be divided 
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into three distinct purts for pui’pose., of study and descnpUon. 
(a) The Pre-sternum or luanubniun sterni, (b) Meso-slermiin 
or body of tlie sternum, (e) Xiphisternum (Xiphoid) or ensi- 
form process of the sternum 

(«) The manubrium is a triangular piece of bone which is 
bioad anteriorly where it articulates with the clavicle, and 
which narrow's rapidly to a subcylmdrical apex at its 
junction with the flrst sternebra Its rough and convex 
ventral surface affords attachment on either side of a 
median ridge to the sterno-mastoid and pectoralis major 
muscles, whilst its concave and smooth dorsal surface gives 
attachment to the stenio-hyoid and sterno-thyroid muscles 
The thick anterior border of the manubrium is famtlj 
marked by the jugular notch which is flanked by two 
irregularly quadrilateral facets for the sternal ends of the 
clavicles The facets are dmected outwards, lentrally and 
anteriorly The lateral holders which converge to the 
median line present anterior and posterior facets; the anierior 
pan’ IS for tlie lirst cost-il cartilages and the posterior* hemi- 
facets with sumlar ones on the first sternebra torni cup- 
sliapcd cavities for the receptioti of the cartilages of the second 
pan’ of ribs 

(6) The MehO-sternura or the body of the sternum con- 
sists of seven or eight discrete sternebrae which articulate end 
to end and are held togetber bj fibrous connective tissue 
The transverse «ection of a sternebra is triangular ui shape 
and jiresents dorsal and ventro-lateral surfaces. The 
artionlated sternum iiresents just ventral to the lateral bolder 
a series of eup-,s]iaiied cavities into winch are leceived the 
sternal ends of the related cartilages. In the dried sternum 
the cavitie.s conumiiiicate hy a foramen and m the frcsli 
state are filled by connective tissue 

(a) The Xiphoid proce,s.s IS a long fluRC of caitilage equal 
m length to two sternebrte Its veuf.ral .surface affords 
attachment to the costo-xiphoid ligaments and to a small 
part of the rectus abdominis whilst its dorsal .surface gives 
attachment to the dorsal eosto xiphoid ligament, and to some 
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fibres of the diaphragm and a part of the transversns thoracis 
muscle. Anteriorly it articulates with the last sternehra and 
enters into the formation of the cavity for the nmth costal 
cartilage, whilst the linea alba gets attached to the tip of the 
Xiphoid, 

The Ribs. 

The rib.s are elastic arches of bone and form the mam por- 
tion of the skeleton of the thorax The number of ribs are 
liable to variation since there are more frequently fourteen 
pairs than fifteen When compared with the human subject, 
there is not much to ehoo.se between the two, so far as the per- 
centage of presaeral vertebne is concerned For the pre-sacral 
vertebrie in the human subject number twenty-six of which 
usually twelve and rarely thirteen hear ribs , this gives nearly 
a percentage of fifty In Lons lydelckeriamis the pre-sacr.al 
vmrtebra? are thirty m niimber and fourteen (sometmies fifteen) 
bear ribs giving again fifty per cent The fact that nearly fifty 
per cent of the pre-,saeral Vertebrae aie iib-bearing in both 
man and Loris lydelckeriamis is of some interest and worthy 
of note. 

The first nine ribs are connected ventrally through the 
intervention of the co,stal cartilages to the sternum directly 
and are consequently known as ‘ true ribs Of the remam- 
ing all except the last rib which is attached only to the verte- 
bral column, are joined by their cartilages to those of the im- 
mediate predcces,sors thus getting an indirect attachment to 
the sternum. The latter are known as ‘ false ribs ’, 

The obliquity of llie ribs vanes ; the first rib is the least 
oblique, whilst the tenth shows the greatest obliquity The 
intervening ribs present intermediate stages. From the 
eleventh to the last there i« a gradual reduction in obliquity 
It is to be ,statpd that the obliquity is from behind outwards, 
outwards and lentralJy forming the angle of the rib and then 
ventrally mwai'ds and posteriorly to its termmation. 

The tenth rib is the longest, and the others on either side 
decrease m length gradually The first nh is the shortest and 
the last, the floating nb is the weakest. 
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CoMMOS Chaeactees oe the Rib? 

Each rib Jias a dorsal and a ventral extremity between 
which IS the .“haft Tlie dorsal or vertebral end is composed 
of a head, a neck and a tubercle The head has two hemi- 
facets juxtaposed with the ‘ crista capitnli ’ and the parts are 
about equal in size and enter into the formation of the ver- 
tebro-co,stal articulation. The crista rest,? on the inter-ver- 
tebral flbro cartilage The neel, is the flattened portion immedi- 
ately continuous with the head and it is placed ventral to the 
transverse process of the posterior of the two vertebral with 
vdiich the nb articulates. The ventral surface of the neck 
of the rib is, in its natural state, covered by parietal pleura, 
and the dorsal surface of the neck which is rough for the at- 
tachment of ligaments is pierced by a few nutrient foramina. 
On the dorsum of the rib and at the junction of the neck and 
shaft IS the tubercle which has an articular and a non-articnlar 
portion The former articulates with the transverse process of 
tlie posterior ot the two vertebra? with which the nb articulates 

The non-articular portion is for the attachment of liga- 
ments and the capsule of the joint there formed. 

The shaft of the nb i.s flat with an inner and outer surfaces 
and cranial and caudal borders. The,sinoolh and inner con- 
cave surface is m.arked by a groove at its posterior border It 
IS promment in the vertebral part and gets lost at a variable 
distance from the angle This groove lodges the mter-costal 
vessels and nerve The outer surface is .smooth and convex. 
ITear the vertebral end. from the apex of the tubercle nms a 
faint low ridge obliquely acro,ss the rib forming the ‘angle’ 
of the nb and here the bone is bent in two directions and also 
twisted on its long axis. The borders serve for the attach- 
ment of the mter-costal muscles 

The head of the flr.st nb is at right angles to the body ; 
this proniiuent angle becomes more and more obtuse and 
rounded as we pass backwards to other riba until in the last 
nb there is scarcely any angle The first two nbs are snh- 
cylmdrical in shape and the others flatten out and increase 
m breadth in an orderly manner. 
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The first rih is the shortest of all On its head It supports 
a single facet for the vertebra. The neck is cylindrical and 
the tubercle protuberant. The thirteenth and fourteenth ribs 
liavo no tubercles and no 'angles’ While the penultimate rib 
has a costal cartilage, the floating nb has none. 

The Costal CaHilages —These differ much as to theii- con- 
nections, shape, length and disposition. The first costal car- 
tilage is thicker and longer than the .succeeding one The 
costal cartilages increase in length progressively till the first 
false cartilage, after 'which they decrease to the last The 
cartilages of the first nine ribs join the sternum directly, the 
cartilage of the tenth joins that of the ninth, and those of 


•'m 



Diagrammatic sketch ol sternum with costal cartilages M — ^Manubrium , 1—7 
stemebr.'E ; x — xiphistcrnum ; 1 — -13 costal cartilages. (Note 10, 11, 12, 
13 costal cartilages get indirect attachment.) 

the eleventh, twelfth and thirteenth ribs join the cOhtal car- 
tilages of the tenth, eletenth and twelfth ribs respectively, 
The costal end of the cartilage is convex and articulates with 
the punched out end of the corresponding nb. The costal 
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eiida of the eartilajje attached to true rib.s are narrow, and be- 
eoine expanded before Ihev articulate with the sternum ; those 
attaclied to false ribs are broad at the costal ends and taper to 
rather veiy narrow structures as they proceed to get an in- 
direct attachment with the sternum The first four costal 
cartilages are nearly horizontal while the others form an angle 
before ending in the sternum 

We might now state that the thoracic vertebree dorsally, 
the ribs and their cartilages ventro-laterally, and the sternmn 
ventrally form the skeleton of the thorax. The thorax is a 
conical osseo-cartilaginous cage lodging and protecting the 
principal organs of circulation and respiration It resembles 
a dorso-ventrally compressed truncated hollow cone, and it 
presents a reniform outline in cross section. It is to be observ- 
ed that the longitudinal diameter of the thorax ventrally is 
much shorter than that along the mid-dorsal line. The an- 
terior opening of the cavity is irregulaily oval in .shape, It is 
bounded by the anterior border of the manubrium, the first rib 
with its cartilage and the centrum of the first thoracic vertebra 
The po.sterior opening i.s not m one plane Whilst dor- 
sally it IS horizontal, it gradually develops a retreating angle 
the apex of which !.« on a much more cranial plane than the 
dorsal , the angle is formed by the cartilages of the four pos- 
terior penultimate ribs The oblique opening is flanked on 
the sides by the last rib and dorsally b5'^ the last thoracic ver- 
tebra At tbe apex of the costal angle is .suspended the Xiphi- 
sternum The lateral diameter of the posterior as that of the 
anterior opening is greater than the dorso-ventral diametei. 
Tlie base of the thoracic carnty is floored by the diaphragm. 

Erom the foregoing description of the vertebral eohmm 
and the thorax it is obvious that Lons lydekkerianus has more 
often fourteen thoracic vertebrae and fourteen ribs II, is a 
well-knowm fact that the xiriinitive vertebrates had a greater 
number of ribs and the thoracic region extended both ante- 
riorly and posteriorly (Wiedersheim) and that ‘ pbylogeny ’ 
has reduced the number of rib-be.armg vortebree, thus separat- 
ing tlm original large coeloinic cavity fioin the thoracic cavity 
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of the higher vertebrates. Thus the present-day mammals 
possess two cavities, the abdominal and the thoracic, rrhich 
am completely separated by the diaphragm. That variation 
111 the number of rib-bearmg vertebrie in Lons lydekkerianns 
occurs has also been noted 

Tlie presence of fourteen tlioracic vertebra more frequent- 
ly than fifteen with the as.soeiated ribs in the same species of 
the animal is not without .significance The smaller number 
of rib-bearmg veitebire .suggests that a proces,s of recession 
has taken pl.aee. The sterinini of tlins animal is long and eon- 
sist.s of seven or eight discrete .steinebia? This reduction, 
whether m .absolute length or in the number of sternebrai, is 
not of a ery great sigiiiftcanee a.s tlie condition m thi.s animal 
is similar to that in carnivores. But when the Xipliisterniim 
IS taken into eomsideration, it is found that it i.s nearly twice 
ns long as a sternebra, and that it.- anterior half is ossified to 
a varymg degree These features seem to indicate that the 
sternum i,s m a retrogressive phase. Further if it is remember- 
ed that the spurious ribs had in earlier forms an independent 
nttaehuient to the Xiplusternnai one can realise the enormity 
of the change that has taken place in tlie sternum of this animal. 
Tn addition to tliese, the rib.'' .show definite thickening of the 
vertebral end which re, suits in pnshing the centre of gravity 
towards the back, Th],s alteration m the centre of gr.avity of 
the anim.il i.s in favour of rendering it semi-erect. Further 
the snb-conieal shape of tlie che.st, a condition which is mter- 
mediate between the keeled primitive type of the carnivores 
and the barrel-shaped, dorso-vontrally compressed chest of 
man, offers impoitant evidence The transverse diameter of 
the chest is, as has already been stated, greater than it.s vertical 
Cdorso -ventral) diametei Considering that Lons lydekke- 
I'laiiu.s is as ca.-.ilv a jironogi'ade as one which a,ssunies a semi- 
erect posture, one need not wondei th.it the Viscera have not 
undergone vast ad.aptnc cb.anges. Thus, for instance the heart 
shows a twist in its axis approaching the condition in Tarsius 
but it has neither descended tnivaids the diapiiragm nor is 
it very near the client w.dl to produce a separation of the 
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parietal pleura? wliicli retain the hganientoiis character. The 
fliaphragm has not .‘’hifterl appreciably to he nearer the heart 
either Tlie hmgs are multilobed To be brief, the factors 
that have determined the shifting of the centre of gravity and 
enabled the animal to a,ssiiine the senii-erect posture, while at 
rest, m onr opinion, are as follows — 

(1) The reduction of the thoracic mctameres and the 

associated ribs , 

(2) The reduction m the absolute length of the ster- 

nniii, and m the nnniher of stornebree taking part 
in the formation of the sternum , 

(3) The reduction in the number of true ribs and spu- 

rious ribs , 

(t) The regression of the Xiphisternum and cliaiiges 
in the character of the ribs; and 

(Si) Jfinally, the shape of the thoracic cage. 

The influence of the above-mentioned factors on the mns- 
cnlatiire of the regions concerned will he considered in our 
account of the myology of the animal 

THE APPENDICULAR SKELETON. 

The Pectoral Limb. 

The bones of llie pectoral limb may he .studied under three 
heads • — 

(a) The bones of the shoulder girdle (1) The clavicle, 
and (2) the scapula 

(&) The bones of the fore-leg (1) The humerus, and 
(2) the radiius and ulna 

(c) The bones of the fore-foot (1) Carpus, (2) the 
metacarpals, and (3) the digits 
A. The entire pectoral limb measured from the summit 
of the Lead of the humerus to the distal end of the longest 
digit IS 162 mm long The proportion borne by the entire 
limb to body length (the sum of the cervical, thoracic, lumbar 
and .sacral elements) approaches that in man [Tbe propor- 
tion referred to above is 187 : 100 in Tarsuis ; 107 : 100 in man ; 
101 : 100 in Lons lydekkerianiis, under 80 m Perodicticus, and 
76,3; 100 in Arctooebus.] The pectoral limb without the 
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luaiiiLs is less than the spine (body length), m this respect also 
Loris lydekkeruinus resembles man and other lower prunates, 

The Banes of the Shoulder Girdle. 

(1) The clavicle articulates medially with the mannhrmm 
stf'rni and laterally witli the acromion of tlie scapula. It is 
a long bone placed horizontally on the ventral and anterior 
piiil. of the thorax. It is somewhat like the italic letter “/ ” 
]ne.seutino a prominent concave lateral curvature (Text 
Fig. S) Its lateral third is flattened vertically while the re, 'it 


B 


A 

Fig. 8. 

Diagram of clavicle (magnified). A— Natural position (Ventral view) ; a— 
sternal end , b— acromial end , B — Dorsal view , a — sternal articular facet ; 
b — acromial articular facet , c — subclavian fossa. 

(the medial two-tlimls) is pnsmoid in shape. In absolute 
length the clavicle exceeds that of Tarsims Compared to the 
.spine it can he placed alongside that of Macacirs, midway 
between man and the higher apes on the one hand, and Cehns 
and other Lemiiroidea on the other. As compared to the sca- 
pula it occupies with Peiodicticus a position between that of 
man and Hvlohates on the one hand and Macaciis, Cebiis and 
other Lemnroidea on the other The breadth of the clavicle 
rGseinble.s in proportion that of man and Cehns. 

The following table gumh the details of comparison in ,so 
far as it relates to the clavicle • — 
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Dongth j 

Length I 

(straight 

between 

2 ends) 

Biettdth 

{middle) 

Length 

taking 

of spine 
as 100 

Length 

scapula 
as 100 

Breadth 
taking 
length 
as 100 

Lons lydeklverianub 

96 

0 83 

0 08 

16 

80 



(i 8 

(1 0 

0 6 ! 

21 

92 3 

8 3 

* Hylobates 

3 b 

3 68 


29 1 

111 8 


*Macacus 

2 4 

2 2 

0 2 1 

15 6 1 

58 8 

10 0 


1 8 

1 6 

0 12 

14 6 

62,6 

8 0 



1 46 

0 16 1 

9 7 

58 

10 3 

*Perodioticus 

1 4 1 


0 13 1 

12 7 

81 2 

10 0 

*Taraius 

0 65 

0 45 

05 

14 5 

62 9 

10 


■* From Ihvait’B paper. 


The lateral third of the clavicle lias two borders separut* 
ing two surfaces. On the dorsal surface is the snb-claviaii 
groove lodging the muscle of that name. There is no process 
or ridge niarlong the " coracoid tuberosity ” except the margin 
of the sub'Clavian groove, Tlie medial two-thmds of the 
clavicle presents three borders aud three surfaces The anterior 
and posterior borders are contimiou,s with the acromial p.art. 
The third nr the ,snb-clavian border is a contmnation of the 
corocoid tuberosity and ends at the costal tuberosity These 
borders give attachment to the Deltoideus, Pectoralis major 
and Traiiezius muscles The anterior surface of the acromial 
end i,s convex as m all prmiates except Hylobates. The pos- 
terior surface enters into the aoromio-clavicular joint through 
a concave circular facet the run of 'which is raised and rough 
for the attachment of the capsule and ligaments The sternal 
end of the clavicle presents a rounded triangular area directed 
medially and slightly posteriorly, and it hears on its posterior 
a.-,peet a facet for articulation with tlie articular disc of the 
sterno-clavieulai joint The facet is continued on to the dorsal 
surface for articulation with the cartilage of the flist rib. 

(2) The scapula or the shoulder blade is a flat triangular 
bone which presents three borders, three angles, three processes 
and two surfaces for study {Text Fig. 9). Qn ventral 
angle i,s the shallow pear-.,haped concavity for the head of tlie 
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Diagram of Scapu C. D and E. — Three views of g glenoid; c.— coracoid 
and s. — spine , A — Dorsal view ; c — coracoid , g — glenoid cavity ; s — spine 
of the scapula , S F. — Supra-splnous fossa , I.F — Infra-spinous fossa ; 
B — ^Ventral view , a — axillary border, cb. — coracoid or anterior border ; 
V — Ventral border ; S SF — Sub-scapulans fossa. 

humerus. The length is measured hy noting the distance 
between the anterior border of the glenoid cavity and the 
posterior angle and it is 30 mm which is about a fifth (20 per 
cent) of the body length. The other lemurs have the same 
proportion or thereabouts except in Perodictieus in which 
it IS about 16.6 per cent. In man it is 22.8 per cent and in 
the Anthropoid apes it is much gi’ealer. 
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The auterior and ventral borders measure 21 mm. and 


20 mm respectively. 

The other measurements are shown in the lollowmg 
table : — 


1 

Scapula 

Glenoid 

surface 

Posteiioi 

vertebral 

Length 

axillary 

margin 

Veitebral 

margin 

Anterior 

margin 

Length 

Glenoid 

surface 

Breadth 

of 

Glenoid. 

Lons lydekkenanus 

1 2 

1 0 

8 

.84 

35 

14 

♦Man 

6 6 

5 3 

7 4 

3 4 

1 5 

1 1 

♦Hylobatea 

3 2 

3.1 

2.6 

1 75 



♦Macao us 

3 4 

3 0 

2.6 

2 7 

8 

6 

♦Cebus 

2.4 

2 2 

2.1 

1 6 

5 

3 

•Lemur 

2 5 

2 3 

1 2 

1 0 

.55 

3 

♦Perodiotious 

1 6 

1 2 

1 8 

1 1 

.46 

23 

♦Taranis 

8S 

8 


76 

3 

2 


Proportions of the 
Scapula 

Axillary 
Verte- 
bral 
maigin 
as lOL. 

Axillary 
anterior 
mai gm 
,is 100 

Post 

bral 

Angle of 
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n ith 

Angle of 
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axillaiy 

maigin. 

Lons lydekkenanus . 

80 

8+ 

54 

78“ 

97“ 

1 29“ 

♦Man 

125 

64 1 

40 

80“ 

95“ 

55“ 

♦Hj'lobntes 

80 8 


( 30 
t 35 

96“ 

126“ 

16“ 

♦Jlacaoits 

66 6 

90 

00 

95“ 

90° 

130“ 
j 137“ 

♦Cebus 

72 7 

68 1 

45 ' 

185“ 

1 9.5° 

103“ 

30“ 

♦Lemur 

32 1 

82 6 1 

48 

110“ 

120“ 

20“ 

♦Perodiotious 

12.5 

91.6 

55 

98“ 

95“ 

42“ 

♦Ta-sius 

43 7 

87 6 

65 

07“ 

1 95° 

24“ 


* From Mivart 


A glance at the tabular statement given above will reveal 
that the .scapula of Lori,s lydekkeriamis is lemurme in char- 
acter. It resepibles the human .scapula m the position of tlie 
spme, m the character of the vertebral border and in the nature 
of the glenoid cavity and differs widely from that of Macacii.s 
and Cebus, 
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The costal sittfaoe of the scapula presents a shallow 
snb-scapular fossa for the M bixbscapiilaris Just near the 
axillary border and almost parallel to it, is an eminence mark- 
ing the Imo of insertion of the serratus magniis. Correspond- 
ing to the line of attachment of the spine is a concavity, which 
like the eminence referred to above extends from the vertebral 
border to the glenoid angle The tendmons fibres of origin 
of the subseapiilaris produce a well-marked ridge which runs 
across the surface from the vertebral margin to end near the 
glenoid angle The posterior part of the fossa is slightly 
conx ex as in the other lemurs 

The dorsal surface of the scapula is divided into the supra- 
spinntus and the mfra-spinatiis fossae by the spine. The foimer 
fossa IS concave and gives origin to tlie M. supra-spmatus The 
anterior border of the scapula, external to the supra-scapular 
notch, IS prolonged anteriorly so as to increase the dimen- 
sions of an otherwise exceptionally small .supia-spinous fossa. 
Thougli many of the Anthropoid.s including man have a small 
supra spin atous fossa as in Lons lydekkerianiis, it is to be 
emphasized that there is no attempt on the part of the n.nterior 
border to enlarge the fossa as is the case especially in aged 
Cyanocephali As in other Primates the fossa is deepest at 
its vertoural end 

The mfi.i-.spinatu.s fossa which is four to five times larger 
than the supra-spmatus is shallow with raised margins and it 
gives origin to the infra -spinatus muscle The axillaiy border 
which IS prominent but not produced into a process as in Cebus, 
and which gives origin, along the bolder and its adjacent infra- 
spinatus fossa, to the Teres mmor and Teres major muscles, 
resembles that of Hylobates It differs from the concave 
axillaiy border of Pcrodictieiis and Hyeticebus tardigradus 
Hear the glenoid cavity and covered by the origin of tlie Teres 
minor muscle, is an expanded shallow groove for the circum- 
flex scapular ves,sels 

The anterior angle is truncated by the glenoid cavity and 
the posterior angle, which is about 54°, while givmg origin to 
a part of Teres major is covered by Latissimus dorsi on it.s way 
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to tlie Bicipital groove The dorsal or superior angle is round- 
ed (the tangents about the angle luaking 84°) and is covered 
by M. trape/.ins. 

The anterior margin ■which is extended is markedly convex 
and its inedial concavity represents the “siipra-seapiilar notch ’ 
which is not so well defined as in some Primates (man, Ateles, 
Ohimpanxee), and which in Mycets is converted into a foramen, 

The vertebral (siipra-scapiilar) mal’gm is, as in Perodicticus, 
convex but differs from that of Indris, Gorilla, Ateles and man. 
(In Indi’iiS it IS straight while the others have a sinuous ver- 
tebral border ) The vertebral border (siipra-scapular border) 
is not so well ossified and is more or less cartilaginous. 

The spine, a triangular plate of hone pro 30 ctmg from the 
dor, sum of the blade of the scapula, crosses the medial four- 
fifths of the dorsal .surface obliquely from the vertebral border 
towards the glenoid, and its superior end is nearer the anterior 
end of the vertebral margin But in Hylobates definitely 
and in Chmipanzoes generally the si-ine commences nearer 
the posterior end of the vertebral margm. Along the free 
margin of the spine, commencing from the vertebral end, is 
noticeable a smooth flat triangular .surface which occupies 
more than half the length of the .spine This fcatiue is pre- 
.sented also by the scapula of man, Orang, Mycetes and Arcto- 
eebus. The spine except at the acromion, is at riglit angles to 
the blade in the Primates u.snally but in Ateles, Hyctieebns 
and Lons lydelkenanus it is antroverted whilst in Galago .and 
Tarsuis the spine is produced over the infia-spinous fossa 

The spine remains rather distant from the glenoid as in 
tlie ease of man, Ateles, Hylobates and Orang , further at the 
slenoid end the attached margm of the spine divides tlie 
area into the narrow supra -spinous and .a bioad mfra-.spinous 
area, extending the latter at this a.ngle. This feature is also 
present in man, Perodicticus and Hycticobus but in Gorilla 
and Indris the two are of equal width, uhilst the supra-spinous 
is the greater in Tebus and lower Simidte 

The acromion projects from the tip of the spine downwards 
at first and then curves, rather abruptly forwards to end as a 
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flattened knob. It is long and eomiiaratively nariow as in 
Ateles, Myeeles, etc, but is nitlioiit a inetacroniion-like pro- 
cess as m man, Galago, etc The anterior bent part of the 
acromion bears on its dorsum a dorso-anteriorly directed arti- 
cular facet for the clavicle The acromion does not inoject 
over the glenoid cavity and is more divergent. 

Tlie coracoid proce»s is a curved projection aitaclicd by 
a broad flat base to the siipra-glenoid region in contmnalion 
with the anterior border. It jirojccts first cramally and 
medially with a slight ventral inclination up to the conoid 
tubeiele and then twnts on its long axis almo.st at a right angle 
so that it IS now dnected ventrally. The anterior and posterior 
surface-, of tlie proximal portion become the medial and lateral 
glenoid surfaces The tip of the coracoid is very divergent 
as in Perodicticus. It is very long and jirojects beyond tlie 
glenoid .surface as in Ateles, other leniiiis and man. In other 
prmiates it falls short of the level of the glenoid The conoid 
tubercle for the coraeo-clavicular ligament is well marked as 
111 Hylobates, Indus and Chimiianzee but it is ill-defined in 
other lemurs and man So far a.-, we have been able to make 
out the Coraeo-braelualis is the only muscle attached to thus 
piocess as there is neither a Pectoralis minor, nor a short head 
for the Biceps although Mivart quotes Cuvier as having re- 
presented two head« for the latter nul^cle. 

The glenoid cavity (Text Fig 9 C, D and E) forms the 
anterior sui’face of the head of the scapula , the neck is the 
slightly constricted portion behind the glenoid labrnni The 
longest diameter is 6 mm and the broadest -I mm. (piopor- 
tion 100 67) and in this respect L. lydekkerianus resembles 
the other Icmiu’s In other Primates the proportion is still 
greater (100 • 73 to 75) As in Hycticebus there is in this 
annual a twrsting of the glenoid, producing an angle with the 
general plane of the blade ot the .scapula This can be easily 
noticed when the bone is held with the glenoid facing the ob- 
server. The anterior end of the glenoid iiresents a further 
medial twist. 
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The glenoid is well proportioned and is pear-shaped. The 
cavity IS fairly deep for articulation with the head of the 
Humerus. The supra-glenoid tubercle is well marked and gives 
I'Lse to the long head of the Bicep.s. The infra -glenoid tuberosity 
and a short area on the ax;illary margin give,s attachment to 
the long head of the Triceps 

The Bones ol the Fore-leg. 

The Tltimerus (Text Fig 10) — Though as m the human 
sab]ect it is the largest bone of the Pectoral limb it is by no 
meaii'i the longest in the body It consists of a shaft and two 
ends, proximally the bone articulates with the scapula and 
With the Badillo and Ulna distally 

Tn all tlie rrimates the liumoriis possesses similar fossa" 
and pronunences, as tho.se existing in man. Greater part of 



Fig. lO. 

Diagram of Humerus A— Anterior view, h— head , It — lesser tubercle 
gt —greater tubercle, bg — bicipital groove, dt — deltoid tuberosity , 
E C.P — Ectepicondyle, E.N P — Entepicondyle , E F — Entepicondylar 
foramen ; tr — trochlea of humerus ; S t.f — Supra-trochlear foramen 
B tr m. — medial trochlear margin, other lettering as in A. 
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the .shaft moliiilin^ the lower enrl is htraiglit hut the head and 
a small adjoinmg part is convex forward.s and .slightly curved 
medially The articulating surface of the head is directed 
backward, s with just a suggestion of an inward bend The 
width of the head conforms to the Primate type in being le.ss 
than that of the tuberosities (head .25 inch; Tuberosities .3 
inch). Tlie shaft resembles that of Indris more than tliat of 
the other lemurs m which it is curved, and in having its upper 
part convex forwards it resembles Ilylobate.'i. The articular 
suiface IS of the intermediate type, i c., is directed backward, s 
and inwards; and in other lemurs it is directed exclusively 
backwards and dilfers from the condition in man in whom 
it IS directed exclusively inwards. The bend referred to how- 
ever IS slight and differs very much indeed from that of man, 
Orang, etc 


The measurements relating to the humerus of Lori,s ly- 
dekkenanus and those of some other amnials arc given m the 
following table • — 



Prom the above tabular statement . it is observed that 
the proportion between the length of the humerus and the 
spine of Loris lydoldcerianus approaches that of Cohus, and is 
less than that of man, Hylobates and Macacus but greater than 
that of Tarsins, Perodietieus and ‘ Lemur” The proportion 
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between the humerus and the scapula is as noted above slight- 
ly greater than that of man whilst vast difference is observed 
when other forms are taken into consideration. The breadth 
of the shaft bears nearly the same proportion to its length as 
in man but is aiiprcciably less than m “ Lemur Perodicticiis 
and Taisius. 

The proximal end of the humerus comprises the head, the 
neck, the greater and the lesser tuberosities The head is 
nearly liemi.spherical in shape , the slightly consirieted portion 
next to the articular surface is the neck which gives attach- 
ment to the articular capsule of the shoulder joint The neck 
IS pierced by a few nutrient foramina of which two or three 
are prominent. The tuberosities are about on a level with 
the Ruinmit of the head , and in Hylobates they are decidedly 
below, whilst m Cheiromys they are slightly above the summit 
of the head. The insertion of the infra-spinatus is the most 
prominent ; the Teres minor is attached at the lowest level 
on the radial tuberosity which has not developed a process 
as in some Primates. The Uluar (lesser) tuberosity is so placed 
as to hide the ueck and head of the bone when its front sur- 
face is viewed at This is also the case m the lower Simidee, 
Oebedaj and other lemurs In Oheiromys, however, the 
‘ lessei ’ tuberosity is equal in size to the ‘greater’. The 
Bicipital groove or the mter-tuhercular sulcus lodges the long 
head of the Biceps, and it is bounded by the radial and ulnar 
crests prolonged from the distal margms of the two tubero- 
sities. 

The lateral margm is the more prominent of the two and 
may he said to overlap the sulcus to u considerable extent. The 
medial margin is less jiromment and rounded and gives attach- 
ment to the Teres major muscle. In this respect Lons lydek- 
kerianiis resembles Perodicticus 

The Shaft is prismoid at the extienuties and more or less 
cylmdiical in between. It presents three borders separat- 
mg three surfaces for examination. The anterior border 
begins as the radial crest of the Bicipital groove and ends at 
the coronoid foramen below, and in its upper part it is very 
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prominent anfl gives attfichmenl proxmio-distally to tlie Pec- 
toialis major and Deltoideus muscles The insertion of the 
latter is raised into a proniinent ridge and marks the medial 
boundary of the extensive Deltoid tuberosity Distal to the 
Deltoid ridge tlie border is rounded The medial border ■which 
IS the continuation of the medial crest of the Bicipital groove, 
ends at the medial epicondyle The tiiberciilation for the 
Terch major muscle is prominent and is about a third of that 
for the Pectoralis major m length , distal to the latter is the 
insertion of the coraco-brachialis (both the parts) up to a point, 
about an inch above the supra-condylar foianien The snpra- 
eineoudylar ridge affords attachment to the medial inter- 
mupcular septum. 

The lateral border begins at the back of the greater 
tuhercle ns the extension of the insertion of the Teres minor 
muscle and ends at the lateral epicondyle. Distal to tlie in- 
sertion of the Teres minor, it gives origin to the lateral head 
of the Triceps up to the nmsculo-spiial groove (Sulcus Nervi 
Radiahs) which is faintly marked and m which he the Radial 
nerve and the Piofunda Brachn Artery Beyond the groove 
the lateral border is very prominent and sharp, and it oiu'ves 
forward to end as the lateral supra-condylar ridge. It must 
be mentioned liere that the lateral ridge is not produced later- 
ally as m Notharctins, Hapale, Galago, Perodicticus and Lemur 
niongoz The outward expansion i.s much more promment 
in Cheiromys and it is least so m man Thus portion is also called 
the supinator ridge as the Braehio-radialis mnscle (0 T. Supi- 
nator longu.s) takes its origin on it.s iiroximal moiety , distally 
the ridge offers attachment to the extensor carpi Eadiali.s 
longiis, Tliere i.s no lateral intermu.scidar septum in this 
animal 

Tlie antero-medial .surface, the least extensive of the thiee, 
forms the floor of the Bicipital gioove into which the tendon 
of the Latissimns dorsi i.s inserted. The upper half (; c , above 
the mn.sculo-spiral groove) of the antern-lateral .siii lace is raised 
into a V-sbaped jilateaiix with the apex disposed distal - 
wards. This is the Deltoid tiibero.sity affording insertion to 
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the Deltoideus. The lateral margin of the plateaux affords 
origin to a part of the lateral head of the Triceps. The Del- 
toid eminence extends to a shorter di.stance proportionately 
than in man a.s there is no necessity for this animal to dexelop 
any great mechanical efficiency involving the action of the 
Deltoideus. 

The posterior surface is divided liy the faint muscnlo- 
spiral groove mto two areas each of which gives origin to a 
head of the Triceps. 

The lower end of thcdmmerus is flattened antero-posieri- 
orly with a slight forward cniwatnre. It consists of an arti- 
cular siu’faee and two epicondyles, and the articular surface 
is ciu’ved forwards The oapitellnin or the radial a.rticnlar 
facet IS convex and extensive only on the anterior aspect, whilst 
posteriorly it dwindles into a narrow area scarcely distinguish- 
able from the trochlea. Tlio Ime of demarcation between 
the capitellnm and the trochlea can be made out only on very 
careful examination. 

The trochlea articulates with the semi-lnnar notch of the 
TTlna. Immediately ))roximal to the oapitollar portion is the 
Dadial fossa for the rounded rim of the Eadms when Die fore- 
arm is completely flexed. The corresponding fossa for the 
Ulna IS not present, as this area is deficient and forms a fora- 
men which in the fresh state is covered by a membrane. This 
forms on the one hand tbe coronoid fossa and on the other 
the olecranon fossa. The foramen whose diameter is about 
two millimetres is nearly circnlar Tbe groove on the floor 
of the fossa winds spirally from before downwards, backwards 
and laterally. The medial niargm of the trochlea is sharp 
and occupies about three-fourths of the arc of a circle , above 
the entepicondyle is the entepicondylar foramen which serves 
as a pas.sage for the Brachial artery This featuie is common 
to all Lemurs except Arctocebus and Perodictious It occurs 
sometimes in napale. The conversion of the coronoid fossa 
mto a foramen is also seen in Troglytes and sometimes lU 
Hylobates, man and Macaens The olecranon fossa is deep 
as in man but it is shallow m other lemurs. The inner- 
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most margm of the trochlea jiroiects beyond the radial margin 
as m Oebiis, Galago, Nycticebus, etc., and in the Lemur and 
IIylobate,s it is above the radial margin The external condyle 
which looks outwards and forwards is distinct but not pro- 
minent as in man (or absent as in Hylobates and C'ebiis) The 
internal condyle projects inwards and more or less backwards 
and it IS so bent downwards that it reaches lieyond the centre 
of the medial circular face of the trochlea, but which in Cebus 
reaches almost the lower margm of the face. The surface of 
the humerus between the internal condyle and the innermost 
border of the trochlea is Icuuu’ine m character 

From the foregoing account it is mudent that the luinicnis 
of Lons lydekkeriunus i)ossc.sses certain features m common 
with that of the higher Primates. The characteristic features 
of the humerus of L lydekkerianu.s are as follows . — 

1 The Delto-peetoral crest is V-sliaped and ends in 

a pointed tiji, and not as a gentle curve 

2 Them is no fo.ssa to mark the site of insertion of the 

Latissimus dorsi mu-sclc. 

3. The tuberosities resemble tliose of man and Cebus 

4. The shaft is sti'aight with a very little convexity at 

its upper end 

5. The head is elongate and o\al. 

6. The shaft is generally eylmdrieal 

7. The supinator crest is medium but conspicuous. 

It IS not produced outwards as m other leninrs 

S An eutepieondylar foramen is present and its bony 
roof is inclined at an angle to the shaft 

9. The entocondylar process is moderate m size sug- 
gesting weak Pronator Eadu Teres and Flexor 
muscles 

10. There is an external lip lo tlie trochlea. 

11 . The olecranon fossa is deep 

The Eadius and Ulna are always distinct and separate 
bones among the Primatc's, and though approximated at tlie 
extremities they are divergent in the middle. The radius is 
the smaller of the two bones though in the natural position 
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its distal end projects beyond tha.l of the ulna. The diver- 
n-ence of the bones referred to abo\e is caused by the radius 
a.s the ulna runs more or less straight. The radm.s is longer 
than the humern.s 

111 the following table are shown the dimensions of the 
radius in some of the Primates — 



From the figures given in the above table it i.s obvious 
that Lons lydckkerianus resembles Perodicticns when the 
radius and humerus are taken into consideration but that it 
comes nearest to Macacus is also evident when the radius' and 
the spme are taken into account 

The radius (Text Pig 11) which, derives the name from 
its resemblance to the spoke of a wheel, i‘- curved though not 
to such a degree as in Gorilla or Indris. It presents lateral 
and antero-posterior ourvatnres with the convexity backwards 
The proximal end of the bone comprises a head, neck and a 
tuberosity The head is a circular cup-shaped disc, permitting 
pronation and supination of the arms The cup articulates 
w'lth the capitellimi of the humerus. On the medial side of 
the head, is a facet for the radial notch of the Ulna. The re- 
mainmg portion of the side of the head is hinooth and cylin- 
drical, and the annular ligament surrounding it allows rota- 
tion of the head diu'ing pronation and supination The eon- 
striotion immediately next to the head is the neck. The 
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I'tidiiil tuberohity is well developed mdieating the presence of 
a strong biceps. 



Fig. 11. 


Diagram of Radius. A — Ventral view; B — Dorsal view; C — Head capitular 
surface ; h —head , t —tubercle ; S —Sustentaculum of Radius ; ps.— 
styloid process 

The .sliaft of the radm< wliicli i.s curved laterally and is 
o\lindrical m cross section is thin anrl slender m its proximal 
part and it gradually assumes a pmsmoid .shape and becomes 
thicker towards the dnstal part The lower end is tluck and 
strong, a feature winch is m keeping with the strong thumb 
which the animal possesses The margms and the .sites of 
origin of muscles are not particularly piomiuent. The Ulnar 
border is rounded except for about a fifth of its extent neaier 
the proximal end where it is ridge-like The presence of this 
ridge implies the presence of an iiiter-o,sseous inembranc which 
however is very -ncak The outer margin is rounded as m 
most primate.s but in man .ind sonietniies in C’clins, Galago 
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and Leinui ” it is a raised margin. ‘ The degree of distinet- 
ness of the ridges and depres.'.ions for mnsenlar attachments 
are '•nbject to indiTidual variations ” not only among the 
different families of Piimates but within the range of the same 
species. Excepting an occasional impression for the supi- 
nator (S brevis) and a fairly fretpient roughing for the Pro- 
nator Badii Teres, the other muscles fail to produce m Lons 
IvdekkerianiiH, any impressions on the hone at their origin. 
The insertion of the Pronator Teres is marked by a roughness 
of the surface as in m.an, Hapale, etc , but a fossa for it is some- 
times found ID Macacus, ‘ Lennu’ Perodicticns, irctocebiis 
and Tar, sins. 

The diAal end which is iilaced on a more anterior plane 
is triangular in cross .section. The carpal aitieular siu’face is 
concave and iiregular m ontline, and it is divided into two 
areas, by a faint ridge running veutro-dorsnlly, for tlie scap- 
hoid and the Innate resjiectivoly. The surface for the latter 
is bigger and lies on a more iiroxiinal plane. 

Tlio distal (lower) end presents volar, dorsal and lateral 
.surfaces, and the distal margin gives attaehment to the capsule 
of the wiist joint The volar surface is rough at its edge and 
is marked hy a shallow groove for the flexor Pullicis longiis 
wliiKt the dorsal siiiface is marked by a deep groove common 
apparently to lioth the Extensor digitorum epinmunis, and 
Extensor mdicis proprius. 

The lateral surface is rough and irregular, it is trasvrsed 
hy many grooves for tlie Extensor pollieis longus, Extensor 
carpi radialis brevis, and Extensor carpi radialis longus 
respectively, Accordmg to Mivart the groove for Extensor 
seeondii internodii (Extensor pollicis longus) is distinct only 
in man. Chimpanzee and the Orang In some specunens of 
Lons lydekkeriauns we find a distinct gioovc for tins tendon 

The <ityloid process situated at the antero-lateral angle 
of the distal end, is broad at its base but tapers rapidly to a 
sharp point and gives attachmenl to the Badial collateral liga- 
ment. At its base is the tubercle for the insertion of the 
suiiinator longus as in Hylobates, Cebiis, ‘Lemur’ and Galago 
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On tlie dors'll aspect its liase is grooied to lodge tlic tendons 
of Abductor pollicis longns and Extensor pollicir brevi's. This 
IS very marked as in other Primates indicating a strong and 
useful Pollex The lips and floor of the gioove help to extend 
Die insertion of the Supinator loiigiis (Extensor earju radialis 
longus). 

“ The susteiilaciilar process of the Radius ” irhicli is 
siinated on the medial aspect of the lower end of the Radius, 
IS received into the hook-like articular facet of the lower cud 
of tlie Ulna 

Qeuerally, the bowing of the Radius aud Ulna is an adap- 
tive inodiflcation which tends to increase the bulk and sticngtli 
of the flexors of the arm of Arboreal primates but Lons lydek- 
kerianus (a very sluggish arboreal animal which does not leap 
from brandi to branch bnt which uses the hands in grasjung 
and in ordinary locomotion; possesses only the racual floiors 
of greater dimensions. 

The Ulna (Text Fig 12) — It must be stated tliat the 
length of this hone varies as does that of the Radius (see table, 
page 146) but it is always the longer of the two bones 

The Ulna is a straight bone interposed between the 
Immeriis above and the carpus below, and it consists of a proxi- 
mal massive end, a shaft which tapers dnstally into a thm and 
inconspicuous distal end, the head. The proximal end com- 
prises the olecranon, tlie coronoid process and the sigmoid 
cavities. 

The olecranon the pointed extremity of which forms the 
tip ot the elbow when the arm is flexed is long as m other 
lemurs and lies m a line with the .shaft. It.s doi>al aspect is 
divided into two areas by a transverse ridge, and the subcu- 
taneous part ventral to the ridge is covered by a bursa Avliilst 
the part dorsal to it gives attachment to the leudon of insei- 
tion of the Triceps bi acini The margin of the process give.s 
altachment to the capsule of the elbow joint Although the 
olecranon is lemiiriue m general character, its corona i.*-: flat- 
tened ns m Cebus, Atcle,s and ‘ Notliarctiis ’ (see Fig, Uie- 
gory ; The olecianon is directed outwards as m lower pi iniales. 
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Fig, 12. 

Diagram o£ Ulna A— Medial view , B— Lateral view ; O — olecranon; t. — 
triceps impression , g —greater sigmoid cavity , C — coronoid process , 
R — Radial notch , f —origin of flexor digitorum profundus , h — head ; 
s, — styloid process of ulna. 

The clisLo-volar aspect ot the olecranou forms with the 
proximal surface of the coronoid process the gieat sigmoid 
cavity (tlie semi-lunar notcli of human anatomy), for articula- 
tion with the trochlea of the humerus , and a longitudmal 
curved ridge runs from the tip of the olecranon artiOAilar surface 
to the tip of the coronoid process dividing the semi-lunar notch 
into twx) moieties, the ridge itself articulating with the corres- 
pondmg groove on the Trochlea. The coronoid process is 
attached to the iiroxmio -ventral margin at the proximal end 
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of the bone The proximal surface of the olecranon is 
directed prO'Xiirio-medially, and it is bounded by a sharp 
margin -which separates it from the distal surface all round, 
except on the lateral aspect where the lesser sigmoid notch is 
present The margin gives attachment to the capsule of the 
elbow joint The distal surface is semi-cylindrieal and con- 
tinuous distally with the general surface of the ulna. The 
unpression for the Brachialis is a small triangular tubercle 
which IS not proniment as m man 

The lesser sigmoid cavity has as in higher Primates a clear 
run separating it from the greater sigmoid cavity The mar- 
gin of the lesser sigmoid notch gives attachment to the annular 
ligament which holds the head of the radius m position during 
pronation and siipmation. 

The shaft which is nearly straight, thick and flattened 
fi’oni side to side m its proximal portion, becomes cylindrical 
m the mid-region whilst distally it tapers. 

It is divided into three surfaces by three faintly marked 
borders. Tlie lateral border is a famt ridge throughout and 
gives attachment to the Inter-osseous membrane The medial 
border begins at the supinator impression and ends at the 
volar margin of the styloid process The dorsal border com- 
mences at the confluence of the subcutaneous triangular area 
(see page 119) and ends on the dorsum of the styloid pro- 
cess. The volar siu’faee which is smooth and convex from 
side to side presents an ineomiilete volar border just beneath 
the coronoidpiocess. Beneath the radial notch is a rough area 
for tlie Plexor Digitorum Profundus, which lu other lemurs 
IS poorly marked, and immediately distal to which is a shallow 
depression for the reception of the radial tuberosity during 
pronation. On the inner asjiect of the coronoid process is a 
long narrow depression for the supinator brevis, and this im- 
pression IS wantmg in the otlier lemurs in which the muscle 
is not attached to the ulna The presence of the proniment 
impression m Loris lydekkcrianns is of inixiortance as it indi- 
cates Ihe progressive nature of the animal At the distal pait 
of the bone is tbe site of origin of tbe Pronator qiiadratus which 
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is marked by a rousjilienuig of the surface, and wliicli in other 
lemurs (Lemur, Hycticebus) is a thickened tubercle 

The medial surface of the Ulnar shaft whicli is subcuta- 
neous does not call for any special remarks , and the dorsal 
surface of the shaft is incomplete in its distal pait and it pre- 
sents proxunally a subcutaneous triangular area, on the 
lateral aspect of which is the flattened surface of ongm of the 
three muscles (Extensores pollicis lotigior et brevior and 
Abductor polbcis longns) of the thumb 

The distal end of the shaft presents a head and the 
styloid process The head is similar to that of the Eadms The 
styloid process, however, is mil ike that of any other Primate. 
It is fauly long and jirojects distally from the dorso-lateral 
angle of the head as a. liook-like process. The summit of the 
head with the concavity of the hook forms a complex articular 
surface for the reception of the ‘ siistcntaculmu ’ of the lower 
end of the Eadius The tip of the liook-like process gives 
attachment to the ulnar collateral ligament of the viist joint 
The ulna does not take part in ohe formation of the wrist joint, 
and in this respect tins animal dilfers from tlie higher Anthro- 
poids and many of the lower Primates 

The Bones of the Fore- foot (Manus), 


The Mmus (Text Fig 13) — The Manus can be said to 
consist of thi’ce sets of bones, the carpal bonCvS, the 
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metacarpal bones and the phalanges The Manus of Lons 
lydekkerianus difters generally from that of the other Prim- 
ates as can bo seen from the above table. 



Fig. 13. 

Diagrammatic representation of Manus A— Bones of the Manus , R— Radius ; 
U— Ulna; S— Scaphoid , L— lunate, Cu —Cuneiform , P— Pisiform , 
C — Centrale, TM —Trapezium, TZ —Trapezoid , M — Magnum, UM. — 
Unciform, V — Ventrale carpi , I, II, III, IV and V — Metacarpals , B — 
Diagram to show the relationship of Os Ventrale carpi to the scaphoid 
and trapezium. 

The carpus consists m all of iru small, irregularly angular 
or rounded bone,s tvlueh together constitnle the vrist, and it 
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.ai'Dciilates proxmmlly witli the Eadiiis and witli the meta- 
o.irpals di.stally The bones are arranged m a proximal row of 
three (the scaphoid, the lunate and the cuneiform) and a 
distal row of four (the trapozinm, the trapezoid, the magnum 
and the unciform) Between these rows of bones is situated 
the Os centrale There i.s a fairly well-devolopcd pisiform 
and also an additional bone which wc name ‘ ventrale ’ on the 
palmar surface of the carinus. 

The Rcaplioid is an irregular short bone, as indeed all the 
carpal bones are, placed on the radial extreme of the wrist. 
It presents articular surfaces for the lunate, the centrale and 
the trapezium , with the last named bone the scaphoid forms 
a peculiar joint The scaphoid and the trapezium have each 
a process which piojects towards the volar aspect, and the 
articnlatmg surface of the process of the scaphoid is received 
into a concavity on that of the trapezuun 

The Innate is almost a globular bone, its distal portion 
being moulded to produce a semi-lunar facet, the projectmg 
lips of which are directed ventro-dorsally. The base of the 
bone contributes the greatest area for articulation with the 
Badins Distally it articulates with the imciform, disto- 
medially with the cuneiform and laterally with the centrale. 
The ventral lip of the lunar surface overlies the unciform and 
the magnum 

The ctmeiform is a more or less quadrilateral bone which 
articulates with the Innate proxmio-laterally and embraces 
the base of the unciform disto-meuially 

The pisiform is an ovalhone, which as m man artfeulates 
with the cuneiform only. The tendon of insertion of flexor 
carpi iilnaris is attached to this bone 

The centrale which is very small-sized i,s not visible on 
the hack of the articulated carpus ; and it is received into a con- 
cavity on the ulnar surface of the scaphoid Further it arti- 
culates with lunate and trapezium also In this respect it differs 
from Tai’sius where the hone has contact with Trapezoid and 
Unciform. 
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Tho tiape'.ium xjlaced on the fli,sto-ratlial a.«peet of the 
wrifit, pi-esents on its distal process, an articular siiiface divid- 
ed into two by a fine ridce, one for the second metacarpal and 
the other for the trapezoid. The .same proces.s ha.s on its lateral 
aispeet a round articular facet exclusively for the fir.st meta- 
carpal hone On the ventral process is the grooved articular 
facet for the scaphoid. It does not po.ssess any articular facet 
for the centrale thonoh the margms of the two hone.s are 
pivtapo.'^cd The dorsal .surfarc of the hone is large and con- 
tnbnte.s to the dorsum of the wi’ist. 

The iinpczoid articulates -with the eentrale, the magnum 
and the second metacai-pal The magnum has a head, a neck 
and a bioad body, and it articulates with the centrale, the 
lunate and tlic uncifoim proximo-medially, and both with the 
second and whole of tlie third inetacaiTal, dsstally whilst it 
doe-, so wii.li the maoniun laterally. The unciform ha.s a broad 
base and a ventral hook-hke projection, the hamulus of the 
unciform, which articulate.s with the ventrale ’. The unci- 
form conjointly inith the magnum articulates with the lunate 
proxiraally, cuneifom medially, with the magnum laterally, 
and distally with hoth tho fourth and fifth metacarpals 

The •cent) ale — ^This hone is found as in Perodicticus 
(d) 111 tlie tran.sver,^e carpal ligament It ns difficult to decide 
a« to whether this should he considered as a .separate entity 
of the carpal (dements, oi just a calcification of the tran,sverse 
caipal ligamenl A factor lending .support to the latter view, 
if indirectly, is the fact that the transver.se .scapular ligament 
of the human being which get.s calcified in old age forms an 
arch over the great scapular notch Oalcification of ligament.s 
IS not uncommon or unusual in tlie animal scries It is likely 
that m tin,., animal as in othcis when it occurs, the transverse 
ligament has developed a calcified bony structure That this 
explanation i.s probably the coirect one becomes fairly patent 
when we remember the axiomatic ' fundamental inertia of 
nature towards the creation of new types ' Ina.smuch as 
this hone could not by any means he construed to he a modifica- 
tion of the original carpal eleinents, it mn.st he considered to 
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1)0 an extra element It maj be asserted that this bone is 
either a sesamoid or a calciflcatiou of the ligament. The bone 
eanuot be said to be a sesamoid as it is not so far as we could 
make out in dissections, in connection with any tendon of in- 
sertion of any muscle. The development of this structure 
will be described m a future communication For the present 
we consider the bone to be the result of calcificataou of the 
transverse ligament probably brought about by variations 
in pressure which the ligament is subjected to. We might 
st-ate here that the weight of the animal, when it is behaving 
as a pronogrode, is transmitted to the ground t-lirough this 
area which is provided with a pad of soft tissue 

The “ventrde carpn” is snb-triangular in shape, with the 
ajiex turned towards the arm ; its volar surface is flat and 
smooth, whilst it,s dorsal surface is divided into tlie dorso- 
medial and dorso-latoral surfaces by a ridge which is near the 
ulnar border of the bone. The tunnel formed by ihis bone 
IS meant for the passage of the tendons ot (he flexors of the 
digits and the carpus (Text Pig 1*1). It is of interest to note 



Fig. 14. 

Diagrammatic representation of Osseous tunnel for the flexors of the fore-arm. 
V — Ventral aspect, D — Dorsal aspect ; Un —Unciform; Vt. — Os Ventrale, 
TM.— Trapezium, TZ.— Trapezoid , M— Magnum. 

that this extra hone was first described hy Van Cainpen as 
early as 1859 in his memoir on "The Potto of Bosnian". (PiO- 
ference from Mivart’s paxier ) 
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The Metacai pal Bones . — Tlie first metacarpal bone which 
mPTsnros on. an 3.verage 7 5 mm. in length is placed on the radial 
side of the hand, It is divergent, relatively thicker than tho 
oilier nietacaipals and articulates with the trapezium. Its 
proximal articular surface is bioad and flat, whilst the distal 
articular surface is rounded (overhangmg the ventral surface) 
— an arrangement that facilitates the play of the digits and in- 
dicates the degree of activity of the animal 

The second metacarpal is the shortest and is about 6 mm . 
long It resembles the first metacarpal but its proximal end 
artieulates with the trapezium, trapezoid, magnum and to a 
small extent with the tim’d metacarpal. 

The third metacarpal, tho longest of the series, is about 
9 mm long and it articulates with the magnum and the ad- 
jacent metacarpals. 

The fourth and fifth metacarpals measure 8 mm. and 
7.5 mm. rospoctively and articulate with the distal end of 
the unciform. 

The phalanges conform to the general characteristics 
of those of the other Primates with slight modifications. Thus 
the first digit has two phalanges, the otliers possess three 
phalanges each. The proxhnal phalanges are club-shaped 
bones with two broadened extremities. The ungual phalanx 
IS conical in shape The details of measurements of bones 
of the digits arc shown in the following table • — 


Digits. 

Individuals 

Total length 
of the 

Total length 
inoluduig 
jnetftoarpala. 

Ist Digit . 

6 5-1-3 

8.6' 

Ib*^" 

2nd Digit 

7-1-3-fl 

11 

17 

3rd Digit . 

8-1-6-1-2 

15 

24 

4tli Digit . 

10-f 0-1-2 26 

18 26 

20.26 

Stli Digit . . 

8-1-5-1-1 76 

14.75 

22,26 


Tho Manus is used partly like a liffwd for purposes of eating. 
We have observed this animal, holdmg its food in its hands, 
while in the squatting posture, and carrying it to the mouth. 
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Sometimes it uses 01115^ one of its lianrls for this fmrposo. So 
far as we liare been able to observe the animal ni the cages in 
captivity and also in a state of nature during the day, it has 
not got to do nineh ol miming. It uses its foro-limbs mostly 
for purposes of clutching and clinging to branches of trees ; 
and in this performance the index finger is not, luiich used. 
So we find that the index finger is not only very slender hut 
also the smallest of the digits This condition should be consider- 
ed more as a functional adaptation than as an index of the 
systematic position of the anunal. 

The Carpus is like that of Cebus, narrow proxnnally and 
broad distally. The Pollex is not very divergent and the ap- 
proximation of this finger to olhers is so much improved over 
the condition m Hotharctns that we may consider the ixumus 
to function like a real hand and not as a niechaniwn m ” Bra- 
cliiation ” only. The fingers are tapering as is indicated by 
the form of the distal phalanx, and in this respect the annnal 
r.’setnbles IsTotharetns Further every finger has a distinct 
nail and the fourth finger, unlike that of man and other higher 
anthropoids, is the longest The mobility of the metacarpo- 
phalangeal jomts assists the animal in holding the food with 
its finger tips ; and the perfectly co-ordinated action of the 
associated muscles of the limb renders the supple and mtricate 
movements of the hand in the act of carrying food to the 
month possible 

The Pelvic Limb The Pelvis. 

The Pelms may bo studied under two heads • — 

(a) The Pelvis proper, i e , Pelvic girdle 
(&) The bones of the hind-limb : The Femur, the Tibia, 
and Fibula, Tarsus, TVIetatarsns and Phalanges. 

(a) The Pelvis (Text Pig 15 ) is formed by the two in- 
nominate bones flankmg the sides and forming the ventral 
walls, the sacrum and the appended coccyx filling np the 
dorsum. There is 110 ‘ false pelvis ’ and the ‘ true pelvis ’ is 
a cavity whose walls are deficient in many places. It has 
anterior and posterior outlets : and on either side the obturator 
foramen covered by a membrane renders the sidewalls 
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Diagram oE Os Innommatum. A— outer view , B— inner view , I— Ilium j 
P— Pubis ; Is.— Ischium , Ic.— Iliac crest , ais.— tubercle homologous with 
the anterior inferior iliac spine ; O {.—obturator foramen , It —Ischial 
tuberosity ; Lsn.— lesser sciatic notch , a— acetabulum ; s{.— sacral arti- 
cular facet 

defective. Thcbnin or the inlet of the pelvis is peculiar in that 
its margins are in one plane a.s only in man. The body of the 
pelvis IS on the same level as tlie cotylo-sacral tract of the 
Tlinin. The diameters of the inlet and outlet of the true pelvis, 
aeeordmg to Owen’s nomenclature, as compared to those of 
man are given in the following table — 


Enm 

Man. 

IjcleHoiianus 

Jnlot — 




4 6 

0 43 

Oblique 

4 fi 

93 

Aiitero-posteiioi 

4 0 j 

03 

Outlet — 



Transveise 

3 3 

fi 

Antero nostorinr 

3 4 

05 


The sacTO-vertebral angle is the greatest m man due to 
his erect posture. In Lons lydchkeriamis the angle is the 



160 Dr, a. Subba Rau akd k. Sundaresan 

oomplement of 167° whereas in man it is a complement of 
130° (o') and 117° ( 9 ) The pelvi-vertebral angle, i e , the angle 
hetwoen the vertebral column and a lino joining the apex of 
tlie svmphj'RLS to the promontory of the .sacrum is 1 15° in Lori.s 
lvdckkeriann.s and 160° m man thus shoAving th.it in tlie for- 
mer the symplnsls is on a higher level th.an in the lattei, Tlie 
anterior inclination of the pelvis to the vertical is 25° in Lon.s 
Ivdekkerianns and only 10° in man Considering the femoral 
attachment as the fulcrum and the tip of the symphysis as the 
ventral iirojeetion and the central line of the vertebia' as 
the dorsal projection, we get the power arm equal to .5 meli 
and the weight arm as .2 inch forming a lever of the fust 
order the meehniueal eflfieieiicy of which is as 6 : 2 whilst ni 
man it i.s a,s 3 . 2. 

Further, it is of interest to observe, that the sacro-iliac 
articular area is oval and elongated more or less in the cranio- 
candal direction 

The form of the pelvis resembles that of Tarsius , it is note- 
worthy that in Lons lydekkerianus Ihe two pubic bones do 
not meet end to end but are just opposed to eacli other, a small 
length of Ahro-cartilage inteivening hetween the two bones. 
There is an undoubted reduction m the contribution of 1,he 
ventral ends of the pnhic bones to the symphysis 

The Os mnonunatum , the large.st of the flat bones of the 
skeleton, is a tri-radiate bone formed by the fusion of ihe Hum, 
the ischium and the pubis. On the outer surface of the inno- 
minate bone is an almost circular, cnp-.sha])ed canty, the 
acetabulum, clorso-ventral to which is the obturator foramen 
covered by a membrane in the natural .state. 

The details of measurement.s of the Os innnminatnin are 
given m the following table ; — 
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Tlte ilium is the elongated rod-slia])ed anterior (cranial) 
portion of tlie innominate bone and it articulates with the 
saerimi anteriorly by its expanded flat surface and extends 
backwards as far as the acetabulum. The outer surface of 
the ilium is slightly concave with the expanded thickened 
border known as the ‘ crest Further there is the anterior 
iliac apmo at the end of tlie ventral margin, and the superior 
anterior and superior posterior iliac spines dorsally. The ilio- 
pe.ctineal lino which commences at the pectin pubis ends at 
the antei'ior (inferior) iliac spine and forms the ercstlike ventral 
margin of the bone. The p.art corresponding to the “ ventral 
margin ” of other Primates is a ridge bifurcating at the anterior 
end of the ilio-pectmeal line and rurmmg an oblique course 
dorsally to end dorsal to the most anterior part of the margin 
of the acetabulum ; and not far from the anterior acetabular 
margin is a low prorainenoe which corresponds to the anl^erior 
inferior iliac spine of man. The ilio-pectmeal eimnenco is, 
in most of the specimens, a sharp-edged, ndge-like prominence, 
on the brim of the pelvis 

The inner surface of the ilium at its expanded anterior 
part presents a rough “ aiiricnlar ” surface, anterior to which 
is a depression for Ihc 7;ygapophy,sis of the first sacral vertebra 
and just behind the crest is an irregular tuberculafced area for 
the attachment of ligaments. 

The nature of the sacro-iliac joint and the ventral sym- 
physis is of some interest It is a well-known fact that in the 
iboroiighly pronograde animahs, the sacro-iliac joint area is 
disposed in such a manner that its long axis is in a dorso- ventral 
plane. But in Loris lydekkerianns the sacral segment of the 
vertebral column is wedged in between the two iliac bones 
m such a way that tlie ilio-sacral contact area is nearly oval 
havmg Its longest diameter at an angle of 30° to the long axis 
of the saernm. The joint area, though only slightly elong- 
ated, is m a more or less cranio-oaudal plane The ventral 
symphysis exhibits some noteworthy features. In lower 
animals such as the pig both the hones (Puhis and Ischium) 
take part in the formation of the symphysis but in Lons 
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lydekkeriamis as m man a. very small pari of only the pubis is 
involved in the symphysial articulation. The change in the 
plane of the ilio-sacral joint area, the complete exclusion of 
the ischiiim from the ventral symphysis and the reduction 
in the pubic contribution to the symphysial contact area can 
be attributed to the change m the posture of the animal already 
referred to 

The ischium is the hinder part of the Os innouiiuatimi 
and it takes part in the formation of the acetabulum. The 
acetabular part is the body of the bone, and the part -which 
is in line -with the ilium is the superior (dorsal) ramus from the 
end of -which the posterior ramus shoots ventrally The ischial 
margin of the acetabnluiu is sharply raised above the bony 
surface producing a shallo-w sulcus m -which runs the tendon 
of the obturator externns muscle, before reaching tlie Ti-och- 
anterio fossa. The prominent spine of the isclnum arising 
from its superior border forms the limiting lip of the lesser 
sciatic notch , and it gives attachment to the sacro-spinons 
ligament. The superior ramus of the bone bears the rugose, 
elongated ischial tuberosity which reaches tlie acetabulum 
and the ischial spine. The free forward margin of the tubero- 
sity foims the boundary of the lesser sciatic notch, and tlie 
tubercle gives origin to tlie liamstrmgs. The ischial tuberosity 
IS strongly everted, a condition probably due to the senii-eroct 
posture of the animal. The posterior ramus of the ischium 
meets the posterior ramus of the pubis The obturator fora- 
men IS more or less circular and is enclosed by the two pos- 
terior rami referred to above. 

The pubis might be said to consist of three portions, the 
body, the vertical ramns and the posterior ramns. The por- 
tion entering into the formation of the symphysis is the body 
and the fork-like projections therefrom the two rami. The 
body which is elongated ventro-dorsally, presents an outer 
concavity ; the vertical ramus is veiy slender and forms about 
a fifth of the acetabulum There is no pnhic spme , the ilio- 
pectmeal line is fairly prominent. The posterior ramus whicli 
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IS slender, and much narrower, completes tlie obinrator foia- 
men, by fusion with the ischial ramns 

The acetabulum is an almost circular cavity mto which 
the head of the femur fits ; and it is formed by the three ele- 
ments of the innominate bone. The cavity is directed down- 
wards and laterally and its prominent rim gives attachment 
to the capsule of the hip joint opposite the obturator foramen 
(the ventro-lateral margm) ; the margin is incomplete and m 
the natural state is bridged across by the cotyloid ligament. 
The details of measuroments of the acetabulum are given 
in the followmg tabic — 




Laigest 

Transveiso 

Cotyloid 

AootabuUmi 

Depth 

diameter 

diameter. 

notch 
at rim , 


4 1 mm 1 

0 8 mm 

S nira 

8 . 5 mm . 


The depth, ia mensnrod aC the pait ooiiesponcling to the uppei wall of the 
aoetalailum of man 

The margin of the acetabulum is dented in two places 
marking the site of fusion of bones The cavity’ presents an 
auricular facet for the head of the femur and a depressed area 
which 13 continuous with the notch, lodging in the centre the 
ligamentLun teres. The latter is attached on one side to the 
head of the femur and on the other, along the whole length of 
the cotyloid (transverse acetabular) ligament. 

The outer margin of the isclimm is, as in man, convex ‘from 
the prolongation upwards of the tuberosity’. The outer sur- 
face of the ilium is Lemuroid in character inasmuch as in its 
lateral view the whole of the acetabulum is exposed. 

A study of the following table reveals that the pelvis of 
Lons lydeldierianns resembles that of man in many respects, 
e g.j the proportionate length of the hone, the proportion of 
the acetabulnm, ihe breadth and le,ngth of the innominate, 
the conjugate diameter of the iielvis and the relation of the 
length of the innominate bone to that of the femur There 
is however great disparity between the two, so far as the length 
of the iliac crest and that of the symphysis pnhis are concerned. 
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Amon§ the Primates the absolute lensttli of the symphysis 
IS the smallest in Lons Ij'-flekkeriamis. 

Proportions of the Os Innominatum 



The Bones of the Pelvic Limb. 

The Femur (Text Fig 16) — The femur which is the 
strongest bone of the xielvic limb is a little shorter than the 
ulna but longer tbau the tibia. It is like the luunerus more 
or less cjlindrieal in its proximal two-thirds and flattened 
in its distal third. It consist.? of a shaft and the jiroximal and 
distal ends. 

The proximal end includes a head, neck and two troch- 
anters 

The head is connected with the shaft by a comparatively 
thin, flattened and eonstrieted ncrk, which makes an angle 
with the .shaft The head u. nearly globular and has on its 
proximo-medial a.speot a depression for the attachment of 
the ligameiitiim teres To its medial margin is attached the 
articular capsule The greater trochanter which projects, 
above the end of tlie shaft just fallmg short of the level of the 
head of the bone, is a flattened irregular prominence embracing 
the lateral aspect of the bone ; and it is convex laterally but 
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Fig. 16. 

Diagiam of Femur. A— Ventral view , B— Dorsal view , h— head , g t —greater 
trochanter, l.t — lesser trochanter, III t. — third trochanter, t.f, — troch- 
anteric fossa, 1 1. ~ impression llgamentum teres, S P —Sulcus for 
Popliteus tendon, P.i, — Patellar impiasaion , 1 c —lateral condyle , m.c.- 
medial condyle , I c f —Inter condyloid fossa , a t — adductor tubercle. 

fhe surface projecting lieyoiid the upper end is deeply con- 
cave and IS known as the trochanteric fossa into which the 
obturator externus muscle is inserted The anterior border 
IS prorament throughout and the posterior border is rai.sed 
and promment only in its upper half The lo,s,ser iroclianter 
which IS a. plate-like projection from the inner aspect of tiie 
bone is flattened from before backwards and affords attach- 
ment to the ilio-psoas tendon , its lower border become, s con- 
tinuous with the medial border of the shaft. There is an 
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inter- Lrocliaiitoric line in front connecting the two trochanters, 
but there is no inter- trochantei’ic crest as such There is no 
evidence of a, line, a asiiera and its three radiations. 

Tlio -As stated above the shaft is cylindrical m 

its prON:nnal two-thirds while its distal third is flattened. It 
might ho .said to possess three surfaces separated by throe 
borders Tlie anterior border runs diagonally from the tip of 
tJie anterior aspect of the greater trochanter to the medial 
epicondylar ridge This is rounded and separates the ventro- 
lateral from the vcntro-niedial surface. The medial and 
lal.eral borders limit the posterior surface of the bone ; and the 
lower portion of the posterior surface forms the proximal half 
of the popliteal fossa. The. medial border ends below as the 
adductor tubercle 

The distal end comprises the two condyles and epicondyles 
The cond3des are two curved processes provided with articular 
surfaces for the tibia. They are separated posteriorly by the 
inter-coudyloid notch and anteriorly prolonged on tlie distal 
end of the bone as two ridges which fade on the distal end of the 
shaft. The.je two ridges enclose an area which is convex proxinio- 
distally and concave from side to side and winch articulates 
with the patella and lodges the quadriceps tendon The patellar 
surface is not continuous with that of the tibial articular sur- 
faces. The medial condyle is of the same dimensions and shape 
as the lateral. The mter-condyloid fo.ssa is bounded by the 
medial and lateral surfaces of the lateral and medial condyles 
respectively. The floor of the fossa is separated from the shaft 
by a narrow ridge, the linea mter-condyloidea. It is pierced 
by many nutrient vessels The medial condyle at its anterior 
jiart gives attachment to the posterior cruciate ligament. The 
linea inter-condyloidea marks the line of attachment of the 
capsule of the knee joint. ' 

The Epieondiiles.—The cutaneous surface of each condyle 
presents a medial and lateral epicondyle. The medial epi- 
condyle, the more proinment of the two, affords attachment 
to the tibial collateral ligament while the lateral epicondyle 
gives origin to the lateral head of the gastrocnemius Below 
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ami doraal to tlie prominence are the pit and the groove for 
the origin of the iioplitons, and for its tendon respectively. 
This 1.S very marked owing to the adoption of tlie peculiar 
sitting postm’e (when the knee is flexed) hy the animal. 
The fibular collateral ligament also gets attached in this 
neighbourhood. 

It will be seen fiom the above table (Dimensions of tlie 
T'einiu’) that except Tarsius, Tioris lydekkerianus has the shortest 
femur as to absolute length , m relative length to spine also it ex- 
ceeds that of Perodicticns, and “Lemur”. As compared to the 
hnmern.s also it occupies a very low position indeed, the only ex- 
ception bemg hylobates. As regards the breadth it conforms to 
the general feature of Prmiates in being slender The lateral ex- 
pansion of the bone i.s gradual downwards m Lons lydekkerianus, 
hylobates and “Lemur” but it is sudden in man and chimpanzee, 
the intermediate condition being found in Arctoeebus, Perodiot- 
iciis and Tarsius. The sliaft is more or le,ss circular in cross section 
as in most primates but m man it is angular, and in Tarsius it is 
laterally compressed The linea aspera is absent but in man, 
hylobates, Ateles and mycetes it is very prominent . The nock is 
(liiite lemiirme in character being very short, but it is well defined 
in man and least so in Gorilla. The greater trochanter is .4 inch 
long and 2 inch broad and is pomted at its upper end. In 
man and Perodicticns it is truncated It i,s very large and 
disproportionate to the length of the femur, and it is nearly 
on a level with the summit of the head, but in Gorilla it rises 
above that level In man, Orang and sometimes m hylobates 
it 18 considerably below the summit of the head. 

The external margin of the greater trochanter is continued 
as the prominent gluteal lidge to end in a rudimentary but de- 
finite third trochanter as m Lemur, Galago and Tarsius The 
trochanteric fossa is lemm’ine in being very small but deep ; 
in man, Goi-illa and Perodicticus it is shallow The lesser 
trochanter which is of considerable size is plate-like as in other 
lemurs. It is pla.ced very near the head of the femur whilst 
in other forms it is placed at a relatively greater distance fi om 
the head. The inter-trochantcric line is famtly indirated .os 
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in the other lemnrs but it is we-11 marked in insn and snniula'. 
The posterior surface between the trochanters is flat and broad 
for the insertion of the qnadratns lemons as in all Lerams and 
Hapalo, The head of the femur is slightly i.ransi ersely com- 
pressed and it IS inclined anteriorly and medially. The pit for 
the liganientum teres is prominent and deep but it is absent 
in Gorilla and sometimes in Oraiig. The condyles arc about 
equally iirolongecl backwards but in others except man, the 
internal condyle projects further baekwrards than the external, 
The inter-coudyloid surface, behind, is wide as in Siimidas and 
Perodicticns. 

The Patella . — This is the largest of the sesamoid bones 
and IS incorporated in the Quadriceps femoris tendon at 1lie 
level of the knee-joint. It is quadrilateral in shape witli two 
surfaces. Tho proximal border gives attachment to the 
Quadriceps tendon and the distal border to the ligamontaiin 
liatellae. Its anterior siu’face is rough and covered by con- 
nective tissue and tendinous iirolongations of tho various 
mil soles of the Quadriceps. The posterior surfa,cc of this lliiu 
flake of bone enters into the formation of the knee-jomt and 
lies on the patellar surface of the femur on extension and on 
tho mter-condyloid fossa during flexion. It is covered by 
synovial membrane and some amount of articular cartilage 
in its natural condition. The femoral surface is convex from 
side and slightly concave proximo-distally. In some speci- 
mens we could uotice a vortical ridge on the femoral surface 
dividing xt into medial and lateral halves. 

The tibia (Text Pig. 37) consists, as other long bones 
of the body, of a shaft, proximal and distal ends. The proximal 
or the upper end comprises the medial and lateral condyles, 
tho inter-oondylar eminence and the tuberosity 

The lateral condyle is large and convex in both directions 
but its posterior margin curls distally. Tlic median condyle 
is relatively smaller and concave ; and it has a raised run. 

The inter-condylar eminence xs an obliquo-ridgo of an in- 
deflmte position ; anteuo-laterally and postero-modially, it Inns 
depressions meant for the attachments of the anterior and 



The anatomy of the Lemueoidea 171 

posterior cruciate ligaments anil the medial and lateral menisci. 
The tuberosity is rough and gives attachment to the patellar 
tendon. The proximal (upper) end as a whole is longer trans’ 
yersely than antero-posteriorly and the posterior half over- 
hangs the shaft; and on the under-surface of the lateral condyle 
IS a facet for the upper end of the fibula. 



Diagram of Tibia A— Ventral view , B— Donal view ; C— Proximal surface 
of tibia (enlarged) S — spine of tibia , h — head, p — patellar impression , 

f— flbular articular area , is — impression for combined insertion of semi- 
membranosus, semitendinosus and gracilis, m — medial malleolus , s.l.c.— 
convex surface for lateral condyle of femur ; s.m c — Concave surface for 
the medial condyle ; I.c 1 — impression of cruciate ligament. 

The Shaft — The most .striking feature of the shaft is the 
sharp crest (.shin) in front and this part of the hone is more or 
less triangular m cross .section , when in situ the bone produces 
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a median concavity from aliovo downwards and a lateral con- 
vetity. Tlie anterior border (crest) runs from the iixberosit-y 
to the median angle of the lower end ; the lateral border is 
scarcely a ridge marked m the middle three-fifths of the shaft. 
The ])osterior border extends from the line of cleavage of the 
two condyles in tlie poatero-median angle of the bone The 
antero -medial surface, which is ext.ensive and sub-cut aneoiis, 
presents at its upper part a rough im])ressiou for tlie Wait onus 
Soraitendmosus and (ri'acilis muscles of the thigh. The lower 
(distal) end of the tabia consists of t,he medial malleolus and 
the distal articular facet. The medial malleolus is a prolong- 
ation of the medial margin, the lat-eral surface of which arti- 
culates wdih the medial surface of l.lio astragalus ; it/S eoneave 
medial surface is divided by a fine vertical ridge into two com- 
partments for the passage of the tendons of tlie Tibialis posterior 
and Plexor digitoriim longns muscles The anterior border 
presents a groove in which i.he Tibialis ant.orior is lodged. The 
lateral border has a facet for the reception of Die lover eiul 
of the flbula. The distal end has an irregular arlicniar facet 
contiuuous with the artieiibir surface of t.bo medial nialleohis 
for articulation with the proximal surface of the astragaUn' 
Pjinhraoiiig the foot of the nialleolns is a groo\o into whicli fils 
tlie elevation on tlie astragalus Lateral to tins, the articular 
surface presents a convex elevataon. 

TIio^&mZ« (Text Pig 38) is the slenderest and the longest 
bone in the body and it is placed on the outer side of I he tibia 
with wliieli it i,9 bound by strong ligaments The thickened 
nodular upper end (head) articulates with the tibia through 
an articular facet on its proximo -medial aspect, and lateral 
to this IS a rough area for the attaclimcnt of the flbnlar colla- 
teral ligament The shaft is slender, flattened from before 
backwards with two crijsts which separate the anterior and 
posterior surfaces. The shaft is concave medially The distal 
end IS not as thick as the head, and it has two articular facets, 
one on the proximo-rnedial aspect for articulation wuth the 
tibia, and the other on the distal surface The latter articular 
facet has a ndge-like elevation the lateral extreme of whicli 
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reaches a more distal level than the 
medial end, and tins along with the 
articular surface of the tibia forms the 
common articular area for the Astra- 
galus llie lateral siu'face of winch is 
embraced by the flbular part. At the 
junction of the tibia and fibula is form- 
ed a retreating angle into whicli the 
lateral ridge of the astragalus is received 
Dividing the external surface of the 
malleolus into two is alignment on either 
Bide of wliicli run the tendons of the 
Peronens longus and Peroneus brevis 
muscles respectively. 


.tc 

OLl 


Fig. 18. 

Diagram of Fibula f.t.— facet for tibia , t.i.— 
tibial impression ; a i. — astragalar impression. 


Dimensions of the Tibia. 
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An aualyHis of the above table brmj^s oat certain interest- 
ing foatiii’CuS of the tibia of Lons Ivdekkerianiis. In abHolnie 
leugth tibia is seen to be the shortest The ejetreme breadth 
between the condyles is greater only than that.' in Tarsins and 
‘‘ Lons The shaft of the bone is also the slenderest. It ls 
siiorter than femur, equal to the radius and longer than tlie 
lunnpru,s In Tarsius, Cheironiys and llapale tlie tibia is 
longer than tlie fermur, but in man it is shorter tlian femur. 
The other iirimates present either shorter radius and hiimerns 
IHjlobates) or longer, the latter condition being the general 
rule As compared ■with the spine, Tarsius in which tibia and 
femur are equal in length, reaches the greatest proportion , 
others lie between 40 and 00 to lOO, the “ Lcinnr ” and Pero- 
diclicns being le.sa than 40 “ Loris ” approaches Loris 

lydekkerianns. 

“ The Tibia is most cylindrical in Lorisinm”, less so m 
Lons lydelcTcenamis ' most lat.era]ly compressed in Tarsius and 
most massive in Smiia” (Mivart). The tubercle of the tibia 
iiS as high up as m Tarsius, and in man it is slightly lo-wer ; but 
in others it is much below the upper margin of the tibia. The 
peroneal condyle project.^ more tlian the tibial and overhangs 
the Tibialis anterior nniscle area m L lydekkerianns. In Tar- 
sms the projection of the condyle is the least. The outer facet 
is convex but in Ateles, Indris and man lb is flat or con- 
cave. The posterior part of the inner articular facet ‘inclmes 
strongly down-wards ’ as in Galago and Perodicticiis , in all 
others it is more or less concave. 

The Peroneal surface which in other Lemurs is strongly 
concave is hero convex from side to side and flat from aboA-e 
do-wnwards for the Tibialis anterior muscle. The crest of the 
tibia IS -very prominent ; and tbo shaft is convex outwardly 
and in man, Indris, Orang it is almost straight but it is sigmoid 
in Hapale, indris (sometimoo) Galago and Tarsius. 

Tlie malleolus appears to arise from the a,nt6nor rather 
than the medial border of the lower end, as in Perodicticiis 
The articular surface of the malleolus is at right angles to tlie 
distal surface and not at an obtuse angle as in Gorilla or Orang 
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Ti'crc i,s no proininenL process separating the groo\t'S for Plexor 
Jiallucis longns and the Tibialis posterior as in hTyctieelnjisB. 
The dis1.al , articular surface is ‘horizontal transversely’ as in 
man but in other Lemurs it slopes upwards Tlie anterior and 
posterior margins descend equally but in some deb idle and 
Lemuroidea the anterior margin descends further than the 
posterior 1'he distal articular process is subquadrate generally 
but in this animal (L. lydekkenaniisl it is lemiirine (triangular) 
with a prominent antero-poscerior prominence! 

The pit for the tendon of Semi-membranosiis and Gracilis 
is ^'ery strongly marked and the surroundmg surface of the 
bone IS raised above the general level In Lemurs it is often 
slight but m Indris a tubercle projects downwards ininiediately 
beneatn it 

The Fihda — The fibula bv far the slenderest bone is al- 
ways distmct from tibia and its length varies in aecordanee 
with that of the tibia It is convex outwards. The head of 
tlio bone articulates with the tibia by a linear groove, a 
feature which is shared by blyoticebinae. As regards the sur- 
iaces, borders and fo,ssse we can but (|UOte Mu art who states 
the foss£6 which more or le,ss excavate the surface of the fibula 
and the ridges which divide them are in no Primate developed 
to Hucli a degree as they generally are m man. Tet Snnia, etc., 
approacli him rather nearly in this respect. Yery generally 
there is an anterior ridge and often a ‘posterior ridge ’ as in 
Lons Ivdekkeriaiius. 

The Pe*. 

The Pes of Lons lydekkeriarms consists of the usual ole- 
raeuts • Tarsus, Metatarsus and Phalanges In the following 
table dimensions of the Pes are noted . — 
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Tiio dimensions of the Pos of Lons Ijdelflcen.mns, as can 
Le seen from the above table, resemble those of “ Lons The 
pes and the tarsus are the smallest. The iiroportion of the 
lies to the s^ime api)roachos that of man. As compared v^ith 
the maniib the pes resembles that of Macacns. Tarsins alone 
possesses a longer pes than the tibia Man and Hylobates 
have the smallest si/ed pes The Tarsus resembles that of 
Hylobates and “ Lemur ”, as compared with spine. Loris 
lydekkorianus has tbo broadest tarsus among tbe rrimates, 
the narrowest being that of Tarsiiis. As compared with the 
carpus, the tarsus of Lons lydekkerianus bears the smallest 
ratio, even other “Lorises" having longer tarsus. 

The tarsus (Text Fig. 19) consists of the usual seven bones . 
Astragalus, Calcaneus, Hcaplioid, Cuboid, Eetocuneifom, Meso- 
cuneiform, Eniocimeijoim, and the “ Os ventrale ”. 
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The Astragahis (Text Fig. consists ol tliree iiartuS ; 
body, neclc and hend 'I'ho body is the iiTegiilarly formed por- 
tion of the hone, which articulates nith the tibia and jilnila. 



Fig. 20. 

Diagrams of Astragalus and Calcaneus. 

A— Dorsal view of Astragalus , ts — trochlear surface , ms — medicel mal- 
leolar surface ; Ns — Navicular surface. 

B— Ventral or Plantar surface of Astragalus ; t —tubercle, G fl. — Groove for 
the flexor tendons , pf — posterior articular facet ; a f — anterior articular 
facet , S.acl — sulcus for astragalo calcaneal ligament. 

C. — Calcaneus (Dorsal view) , t. — tuber, sf — sulcus for the flexors, 

Cu. — facet for cuboid, a.f — articular facet for Astragalus , S — sustenta- 
culum tail 

above and the calcaneus below. The neck is I’athcr long and 
connects the elnbhke head with the body. Thenpper surface 
of tiie bone presents an articular and a non-articular portion. 



180 DR, A. SUBBA RAU and K. SUNDARESAN 

Tlie articular surface which Is trochlear in shape extend, s 
over the u hole of the body ; and it is divided into two distinct 
areas by a prominent curved ridge which is concave medially. 
The irregularly triangular saddle-shaped area, lateral to this 
ridge, is for articulation with a similar surface on the lower 
end of the fibula ; and tlic ridge referred to above is recpi\ ed 
into the recess formed by the junction of the asiragalar arti- 
cular surfaces of the tibia, and fibula. The trooblear area is 
bounded medially also by a iiromiiicnt curved ridge which has 
the same inoliuation as the lateral ridge and which separates 
malleolar articular surface of the tibia from the distal astra- 
galar artieidar surface. The trochlear surface is therefore 
bounded by two parallel ridges which are concave medially, 
posteriorly the boundary is formed by a ridge which marks 
the line of attachment of the capsule of the jomt, the anterior 
boundary though not prominent is clear and ends abruptly 
on the dorsum of the neck of the bone. The dorsal surface 
of the nGck,^is rough for attaohmont of ligaments. The pos- 
terior surface of the bone presents a deep groove with two lips 
for the tendon of the Flexor hallucis longus muscle. The 
medial lunar concave articular surface is for the medial 
malleolus. At its posterior extremity is tlie posterior astra- 
galo-tibial ligament, which with the corresponding posterior 
astragalo-flbular ligament form.s 8 j sling m which the astra- 
galus IS held and allowed to have its hinge-like movement on 
the tibia and fibula. The groove between the malleolus and 
the distal articular surface of the tibia lodges the medial ridge 
of this surface ; and the whole of the convex distal articular 
faiceb rests on the trochlear surface. This surface is concave 
from side to side, with a central groove which runs a sinuous 
course almost parallel to the ridges. Dmiug the flexed condi- 
tion of the ankle, the neck of the astragalus makes an angle 
with the Ime of the tibia, owing to tbe obliqueness of the 
trochlear surface ; but during extension it comes to he more 
and more in a line with the tibia, till on complete extension 
it is almost in a line with the shaft of the tibia This move- 
ment is greatly aided by the pressure of the flbula on its facet 
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anrl also that of the seaphoid (navicular) on the head of the 
astragalus The most prominent feature of the plantar sur- 
face of the astragalus is the “ inter-osseous groove ” which 
embraces the V-shaped prolongation of the distal articular 
sm’faee This groove does not extend far on the lateral aspect, 
whilst on the inner aspect it reaches the lateral angle of the 
head. In the natural condition the groove is filled by connec- 
tive tissue and affords attachment to the mtcr-osseous calcaneo- 
astragaloid ligament ; and it separates the common facet for 
sustentaeulum tali and the navicular from the crescentic 
articular facet which articulates with the cctal facet of tlie 
calcaneus. The head of astragalus is flattened from side to 
side with convex upper and lower surfaces and a convex free 
margm Its long axis is directed downwards and. medially 
and the long axis of the entire bone, it should be noted, crosses 
the long axis of the calcaneus at an acute angle so that the 
hind foot is slightly mverted m the natural state. This condi- 
tion IS helpful to the anmial to hold on to branches of the trees 
dunug locomotion and at rest. That the foot durmg fcetal 
life IS inverted and that it undergoes eversion during develop- 
ment and assumes its natural position in normal man is well- 
known. In Loris lydekkorianus the eversion is very slight and 
this indicates the retention in this primitive auuual, of an 
embryonic condition as a permanent feature 

The head of the astragalus consists of an extensive arti- 
cular facet, part of which articulates with bones, and the rc- 
inainmg part of which is supported and held an position 
by strong ligaments The navicular articular Lwiet occupies 
the whole of the upper surface and the rounded free margm ; 
and it articulates, below, conjointly with thehTaviculo-calcanear 
ligament, with the medial two-thirds of the triangular 
articular facet 

With its apex directed posteriorly tins facet which forms 
the border of the “ inter-osseous sulcus” is convex in contour 
and by its lateral one-third articulates with the snstentaculmn 
tall of the calcaneus It will be noticed that the astragalus 
docs not articulate with the cuboid 
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The main features of the astragalus of Lons lydekkerianus 
are : — (1) The neck is longer than m the other lemurs but 
.shorter than in hTotharctus. (2) The trochlea is narrower and 
deeper (3) The ectal facet has a deep concavity and the impres- 
sion for either the posterior astragalo-flbular or Tibial liga- 
ments IS not well marked 

The Oalcaneus (see Text fig 20 C) has a plantar surface, 
an astragalar articulating surface, the tuber and the cuboid 
articular surface. The shaft of the bone runs a straight course 
and its distal end presents an articular surface for the cuboid. 
The facet is an incomplete socket (for the cuboid), its mner 
margin is deficient and is marked by a rough depression for 
the attachment of the calcaneo-euboid ligament The cuboid 
IS placed in a line with the calcaneus. The plantar surface 
IS faintly arched so that the most dependent parts of the tuber 
and its distal extremity rest on the ground This surface is very 
narrow and merges laterally with the ventro-lateral surface 
and IS lunited medially by a sharp curved ridge On the 
medial aspect of the bone is a groove formed at the expense 
of the tuber and the shaft in which lie the Tibialis posterior, 
Flexor digitorum longus, Flexor hallucis longiis and posterior 
tibial vessels and nerve The astragalar articular surface which 
IS a fau'ly extensive one has two facets The ectal facet situated 
proximo-laterally is separated from the other portion called the 
‘ sustentaculum tali ” by a depression (scarcely a groove) the 
“ mter-osseons sulcus” which latter gives attachment to theintor- 
osseous ligament. The sustentaculum overhangs the groove on 
the medial aspect of the shaft and as its name indicates supports 
the head of the astragalus (talus) The tuber may be said to 
possess ahead, a neck and a body The head is a rough convex 
hemiglobe for the attachment of the Tendo-achillis. The neck is 
scarcely recognizable except on the dorsum and the body is the 
expanded portion that ]oms the tuber to the shaft On its dorsum 
IS the groove already referred to ; and the free margin begins at 
the head and extends to end at the distal end of the bone at 
a tuberosity which gives attachment to the short plantar 
ligament The plantar siu’face is rough and convex. 
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The calcaneus forms with the astragalus a specialized 
articulation allowmg of only rocking movements. This evi- 
dence however is not sufficient to ascribe any leaping habits 
to this animal Being a pronograde animal its tuber is dnect- 
ed downwards with an inner mclmation The siistentaciilimi 
IS very near the distal end, so that coupled with the fact that 
the tuber which forms the pover arm is equidistant from the 
weight arm (located in the astragalo-calcanear joint) it becomes 
obvious that the leaping tendencies of the animal are nearly 
inconspicuous 

The Cuboid is moie nearly wedge-shaped than rectan- 
gular , its ectal surface is flat. Proximally the cuboid has an 
articular surface for the calcaneus and medially it articulates 
with the navicular and entocuneiform whilst distally it does so 
with the whole of the fifth and part of the fomth metatarsal 
On the dorsal siu’faee is a narrow deep groove for the tendon 
of the Peroneus longus inusele 

The Jjfaviciilar is an uTCgnlar shaped bone placed in the 
middle of the Tarsus ; it is the place of convergence of the three 
cuneiformes with Iheir attached digits It is placed in an 
inelmed plane being directed inwards, downwards and slightly 
backwards Thus it is enabled to flank medially, by its under- 
surface, the deep gutter for the flexor tendons. The gutter is 
m effect the continuation of the one described in relation 
to the calcaneus. The mclmation of the bone primarily helps 
m the thumb-like manifestation of the Hallux. The bone is 
held m position by the .strong wide naviculo-calcaneal liga- 
ment which IS attached on the one hand to the whole length 
of its proximal margin and on the other to the ' sustentacu- 
lum tall ’ and the inferior lip of the tibia Further it supports 
and articulates with a considerable portion of the turned m 
head of the astragalus, Proximally it articulates with the 
head of the astragalus through a heart-shaped facet and dis- 
tally with all the cuneiformes The facet for the ecto-ciinei- 
form IS concave whilst those foi the meso- and ento-cnuei- 
formea are convex On the medial aspect of the bone is a rough 
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area to wliioli part of the ento-cimeiform is apposed and is 
bound by fibrous tissue. At the postero-inferior corner of 
the bone is a rough area for the attachment of the Tibialis 
posterior muscle. 

The e(fio-cuneiform is a wedge-shaped bone whose base 
is on the dorsum of the foot, and the shai’ii margin of which 
is on the jilantar aspect. It is placed antero-postcnorly (ven- 
tro-distally) m the foot , and its narrow proximal end liears 
a facet for articulation with the Navicular whilst the wide distal 
end IS concave and articulates with the major portions of the 
thu’d and fourth meta-tarsals. The inner side articulates by 
a narrow proximo-distal facet (nearer the dorsum) ivith the 
meso-cuneiform and with the navicular by another facet. The 
lateral surface bears two diagonally placed facets, separated 
by a sulcus (m which is the cubo-ento-cuneiform liga- 
ment 111 the fresh condition) which runs from the proximal 
ventral corner to the distal dorsal corner of the bone, for 
articulation with the cuboid 

The meso-O'uneiform is the smallest of the tarsal bones 
and its long axis mates an angle with that of the calcaneus 
and presents plain surfaces" which meet at an edge on the 
plantar aspect. This bone, the dorsal surface of which is irregu-- 
larly rectangular articulates with the ecto-cuneiform laterally, 
and proximally, with the navicular througli a rather largo 
contave facet, and medio-distally with the meso-cuneiform and 
the second ineta-tarsal This bone is pressed upon on all sides 
by other bones which transmit their thrust from 'all 
directions 

The ento-cunmform completes the arch of the instep and 
reaches the lowest level on the medial aspect. It is very ir- 
regular in shape and like the navicular is inclined and flanks 
medially the gutter on the plantar surface On its dorsum, 
at the proximal end is a concave facet for the navicular, and 
a jirominent tubercle at its summit for articulation with the 
hallux, while on its medial aspect is a triradiate concavo- 
convex facet for the hallux The distal margin has no facets. 
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while its lateral face bears facets for the meso-cuneiform ancl 
the proximal end of the second meta-tarsal bone, the facet 
for the latter being double conneeted by a ndge. 

In addition to the tarsal bones described above, tliere is 
in Loris lydekherianus a peculiar ossicle which may be named 
Ossis Venirale Tarsii The presence similarly of an extra bone 
in the corpus has already been noted. Such structures have 
been described in only one other Primate — ^Potto (Perodic- 
ticus) — by Von Oampen This bone is pyramidal in form with 
a deep groove on its distal base for the lodgement of the ten- 
dons of Flexor digitorum longus (wliicli is destined for the 
hallux) and Flexor hallucis longus The groove is converted 
into a trochlear tunnel as it is bridged over bj'' a strong liga- 
ment The tibial aspect of the bone appears to give origin 
to the short muscles of the big toe The bone itself is held 
in position below the ento-cuneiform by ligaments, and appears 
to form the pivot on which the two arms of the shears (hallux 
on one aspect and the remaining toes on the other) act when 
the animal clutches at supports by the hind limbs. 

The hallnxis tiie strongest of the toes, and the most actiyo 
and powerful agent in the progression Of the animal j when 
it clutches Oit the branches, the hallux aided by its powerful 
adductors presses against the side of the branches and at the 
same time the pad between the hallux and the second toe is 
fixed. The remaming toes together with the pads of the foot 
function as the other blade of a pair of pincers. The muscles 
attached to the big toe are very strong and develop) sesamoid 
bones ; the associated meta-tarsal and the phalanges are rela- 
tively massive. The first meta-tarsal has at its proximal end 
an asymmetrical irregularly heart-shaped concavo-convex 
facet for articulation with the cnto-cuueiform , and the margin 
of this facet is raised for the attachment of ligaments which 
hold the bone in position. Its ventro-lateral angle has a very 
promment tubercle, directed poaterq-medially to which the 
Peronens longns tendon is attached The outer surface of the 
bone bears a tubercle which abuts against the base of the 
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.second nieta-tarsal , a circnuistance that renders it impossible to 
brim> the halhix parallel to the other toes. Though adduction 
i,s thus impossihlo the hallux and the other toes are opposable 
The shaft of the bone naiTOw.s towards the distal end where 
it form.s the head for the proximal phalanx; and the articular 
facet on the head is extended to a slight extent on the dor, sum 
allowing of a limited extension of the digit. The phalanges 
are also stouter than those of l,he other digits. The distal 
phalanx has a clubbed extremity The first meta-tarsal 
measure, s 31 mm whilst the second, third, fourth and fifth 
ineta-tarsals measure 11 mm., 11 ram ,10.5 mm., and 106 mm , 
respectively All of them po,ssess a shaft with two distal 
extremities By their proximal ends they articulate with t1ie 
distal endiS of the tarsal bones, whilst at their distal ends each 
beai’.s a digit The distal articular surfaces are rounded distally 
and flattened ventro-dorsally and they extend equally both on 
the ventral and dorsal aspect allowing of considerable amount 
of flexion and extension. The proximal attachments deserve 
special mention. The fourth and fifth meta-tarsals articulate 
with 1-he cuboid, and the second, third and part of fourth with 
the onto- cuneiform and the first meta-tarsal with the enbo-cunei- 
fonn only whilst the contiguous meta-tarsals articulate among 
ihemselves 

The Phalanges . — ^Excepting the hallux which .has only two, 
the others have threepha,lang6s each. The proximal phalanges 
conform to the usual type in having a shaft and two extremities. 
The proximal extremity IS flattened whilst the distal end is con- 
vex to allow of the play of the phalanges on one another or on 
the meta-tarsals as the case may he. 

The distal phalanges have some interesting features In 
dealing with the manus mention has been made of the peculi- 
arity of the di,stal phalanx and attention has been drawn to 
its pomted nature Similar featmes are found in the distal 
phalanges of the pes, except the nngnal phalanx of the hallux 
which IS lemurme (i.e , expanded), and that of the second digit 
which carries a claw, is nidunentary. 
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DiflCENSIOHS OF the DIGITS. 



Lengths of 
individual 
Phalan\ 

Total 

Length of 
Digits includ- 
ing the 
meta-tnisals. 

First bouy digit 

7-f-4 

11 

22 6 

Second bony digit 

7 6+3-I-2 

12 6 

23 6 

Third bony digit 

11-1-6-1-2 76 

10 76 

33 76 

Fourth bony digit . 

12-t7-{-3 

22 

32 5 

Fifth bony digit 

10 6+6+2 6 

19 

20 6 


Taking all fact.s into consideration it is clear that as in the 
manns, the fourth digit is the longest m the pes. The hallux 
■with its two phalanges only is the shortest digit and the second 
digit though slightly larger than the hallux, is the smallest 
and IS of very little practical utility to the animal. 

The Pes as a -whole. 

It may be stated at once that the pes of Lons lydelike- 
rianus is not typical of the arboreal leaping lemurs ; it is rather 
suggestive of a. sub-cursorial type. Though the phalanges 
are long and slender, it resembles the Lepilemur in the pos- 
session of relatively slender meta-tarsals. The archmg of the 
meta-tarsals makes an approach to the condition in higher 
Primates (macacus). The jomt at the trochlea is hinge-like 
as in other primates The crossmg of the Astragalus and Cal- 
caneus IS of some mterest The angle made by the neck of 
the astragalus -with the axis of calcaneus is not, since it ig less 
inclined, typical of the Lemuroidea. This disposition of the 
neck and the promment medial ridge of the trochlea tend to 
indicate its affinity with higher forms. On complete extension 
of the foot, the neck of the astragalus lies m a Ime with the 
tibia ; this would not have been possible if the mclmation of 
the neck were not small. The foot is always held in an inverted 
position to facilitate firm grasp of the branches of trees diirmg 
lest and locomotion. The head of the astragalus is held on 
a higher level than the cuboid owmg to the transmission to it, 
the pressure of the divergent hallux, through the ento-cunei- 
forni and the navicular. Further the ventro-dorsally 

12 F 
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compiessccl head of the a.stragahis reduccB the flexional mobility 
of the foot and the play of the navicular on the head. The 
calcaneus is, except for the more distal position of the “ su.s- 
teiitaeulum tali”, of the Lemuroid type generally. This 
factor coupled with the expanded and elongated inber has 
the effect of rendering this animal more of tlie mildly snb-cur- 
sorial than of the leaping type. We have observed the animal 
both in it.s natural haunts and for long periods in the laboratory. 
We have not seen the animal leaping from branch to branch 
in its natural state, and none of those in the laboratory have 
shown a tendency to leap about even when placed in position 
from where it would be best to leap. It should he noted that the 
ecto-,meso- smA ento-cdineiform, bones are more vertically placed 
than in other lemurs. The ecto-ouneiform is narrower proxi- 
inally as in 'Notharctna and the cnbo^(l which is more com- 
pressed than IS usual presents a narrow deep groove for the 
Pei’oneus longus tendon. The hallux is divergent but oppos- 
able to a considerable extent. A consideration of the pes will 
not be complete if the second digit is not mentioned. It is 
slender, small and is provided with a claw which is somethnes 
used in scratching the irritatmg surface of the body and some- 
times m dislodging insects from tlie crevices of hark of trees. 

The Sesamoid Bones. 

Most of the sesamoid hones are usually lost during the 
preparation of the skeleton. The description here offered of 
these bones is based on X-ray photographs of the partly 
cleaned Manus and Peg. 

In the manus there appear to he in all six sesamoid hones 
The first digit has two sesamoid hones situated at the metacarpo- 
phalangeal 30mt and the inter -phalangeal joint respectively. 
The second digit has none The third, fourth and fifth digits 
have one each situated at the metacarpo-phalangeal joint 
On the outer aspect of the carpus in relation with the trape- 
zium IS a sesamoid which helps in extending the articular sur- 
face for the first metacarpal bone. 

In the pelvic iimh a sesamoid has been found m relation 
with the tendon of the Poplitens. This bone which is situated 
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at the level of the upper border of the tibia on its dorsal aud 
outer aspect strengthens the Popliteus by relating it to the 
head ol the fibula. Tn the foot also there are six sesamoids. 
The hallux has sesamoids rvhilst the remaining toes have 
one each. We cannot definitely state at this stage the nature 
of the associated tendons. 

All the measurements, except where specially mentioned other- 
iLise, are %n xnehes. 


SUMMARY. 

A summary of unportant features of the Vertebral Ooliimn 
and the Appendioiilar Skeleton of Lons l;vdek]ceiianus : — 

3 The absence of spinous processes in the cervical ver- 
tebi'Ee (Exception: the second and the seventh) 

2. The presence of an extra foramen in the Atlas for 

the nuiseular brancli of the lutra-osceous part of 
the vertebral artery 

3. Large number of thoracic and lumbar vertebrse -with 

an anticlmal vertebra 

‘1. The formation of the sacrum by four vertebree two 
of which take part in the formation of the saero-iliac 
jomt. 

6, The cylindrical shape, the discrete nature and the 
variation in number of the coccygeal vertebra; . 

6. The presence of two convex curvatures between the- 

sacral and cervical curves 

7. The immobility of the lumbar vertebral articulation. 

8. The peculiar shape of the sternum. 

9. The resemblance of the clavicle to that of Macaeus 

and Cebus. 

10 Tim, spme and the vertebral border of the scapula 

rescmblmg that of m-un The peculiar medial m- 
clination of the apical portion of the glenoid cavity. 

11 The relatively long humerus with an entepicondylar 

foramen 

12. The .sub-eylindncal shape of the Badius and Ulna. 

13. Proportionately short Manus 

14 The large size of the Os pubis and the very small 
ilio-pubic angle and the very small absolute length 
of the pubic symphysis. 
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15. The relative iiositions of the les.ser trochanter and. 

the head of the Poniiir and the presence of a small 
third trochanter. 

16. The presence of a sesamoid m the Popliteiis tendon. 

17. The presence of “Osventrale carpi ’ and “Os ven- 

trale tarsi” in the Manns and Pes respectively. 
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CONTRIBUTIONS TO OUR KNOWLEDGE OF 
THE ANATOMY OF THE LEMUROIDEA. 

V. THE ORBIT OF LORIS LYDEKKERIANUS. 

By Dr A Suuba Eatj, BA, D So (Bond ), F B M S " ’ 

AND 

De S Hibiyannaiya, B.A , M B B S 
{Department of Fliysiology and Bio-Ghemistry, 

Medical Cnllege, Mysore ) 


INTRODUCTION. 

ProfesRorfi G Elliot-Smith (1), H H Woollard (2), 
Treaclier-roUins (3) and Wood Jones (4-) have related with 
inimitable clearness the structural changes observed in the 
eye of mammals which have taken to arboreal life, and 
emphasized the influence of the environment in the evolution 
of the visual organs Elliot-Smith has stated that “m llie 
vast majority of living animals behaviour is dominated byi 
smell or vision” In the mammals, according do the same 
author, both smell and vision get reiiresentation m the neopallimn 
and in the arboreal animals visual sense becomes more power- 
ful In acquiring this progressive dominance of visual ’bver 
the olfactory organ, there have been induded in the related 
region of the aiboreal animals profound anatomical changes 
In the lowly Prosimian, Lons lydeklcenanus, the eyes have 
shifted from a lateral to a more forward position and “it is 
noteworthy that the ihanges in the inter-orbital region 

r 
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pendent on tlie sluftmg of the position of the eyes have 
nilted in a very marked reduction of the lachrymal bone”, 
irther, the animal is truly nocturnal and it sleeps by day 
oth in captivity and in its natural surroundings) and shews 
(US of activity with the onset of dusk. Some of the habits 
the animal, such as the use of the fore-limbs in picking 
1 and carrying the food (banana slices, boiled rice mixed 
th milk and fresh crabs and prawns) to the mouth, its 
wer to grasp the branches of trees and its love of darkness 
B suggestive of a speciahzed organ of vision In this com- 
Linication an account of the anatomy of the orbital region 
Lons lydekkerianus is offered. 

BONY ARCHITECTURE OF THE ORBIT. 

The various bones entering into the formation of the 
bital cavity have already been described m a previous 
Qimuuication (9). Briefly stated the roof is formed by the 
oibital plate of the 
frontal bone and the 
orbital portion of the 
pre-splienoid The 
lateral wall is formed 
by tlie zygoma and its 
frontal and temporal 
processes The orbital 
plate of the maxilla, 
a part of the zygoma 
and the zygomatico- 
maxillary suture form 
the floor The medial 
ngure showing the bones of the medial wall wall IS formed above 
of the orbit by the frontal, below 

(Jugular bone has been detached ) 'by the maxilla and 

-Frontal bone, L.F — Lachrymal foramen; m the middle-hne 
I O F —Infra orbital foramen , M— Maxilla , from behind forwarcls 
N— Nasal bone, O P —Os planum , O.F. & hy the pre-SphenOld 
F S A —Optic foramen and foramen lacerum ahove and tO a Small 
anterius, P-Panetal bone , P A -Palatine extent the vertical 
bone, S PH. -Sphenoidal bone, T~Tem- pj^te of the palatine 
porai bone helow, by the OS- 

inum (of the ethmoid) in the middle, and in front by the 
ixillary process of the frontal ahove and the frontal process 
the maxilla below* (Text Eig. 1) 
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The margin of the orbit which is complete is formed by 
the frontal above, zygoma laterally and maxilla mferiorly 
whilst the apex is 
^ OP yj marked by the optic 

foramen and foramen 



lacernm anterius 
(Text Fig 2). 

The position of 
the lachrymal fora- 
men outside the or- 
bital cavity and the 
reduction of the 
supra-orbital foramen 
to a simpile notch are 
noteworthy features. 


Fig. 2 . The base is very 

Lateral view of the bony orbit, showing the nearly Circular lU Ollt- 
relations of the bones that go to form the line and measures on 


orbital rim. 

F— Frontal bone , J— Jugular bone ; M— Maxilla; 
N— Nasal bone, P.M — Pre-maxilla ; O.P,— 
Os planum , T— Temporal bone ; P.M. — 


an average 16 mm, 
along the horizontal 
and 17 mm. along 
the vertical iliameter 


The depth of the 
orbital cavity is about 16 mm. The two orbital axes subtend 
an angle of about 60°. 


EXTERNAL FEATURES OF THE ORBITAL REGION. 


The large and prominent eyes of the ammal are directed 
forwards (Text Fig 3) In the formalin preserved specimen 
the ramus palpebrarum measures 10-12 


mm , the distance between the two 
inner can tin is about 7 mm No eye- 
brows as a distinct structure can be 
made out as the forehead and the face 
are very richly covered with soft fur. 

The- upper eye-lid is relatively 
larger than the lower and the external 
margin of both lids bears a row of 
ciliae , the inner margin of .both the 
hds is deeply pigmented and the two 



Fig. 3. 


margins enclose a strip of space about 

one milhmetre in breadth. Medially poait.on 

the pigment of the inner margin appears o{ tbe grbits, 
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to fade abruptly and here the margin itself ends in a small 
loundecj, eminence to the inner and medial aspect of which 
IS situated a hardly discernible pnncta lachrymalis. The 
outer margin meets the inner slightly medial to this eminence , 
along tlie luteinal margin tlie oiienings of the tarsal glands are 
situated 

Theie is a well- developed lacus lachrymalis between and 
medial to the piuicta lachrymalis, but there is no caruncula 
i\t the medial commissure there is a well-formed phea semi- 
lunaris (Nictitating membrane) which possesses two horns 
which attach themselves to the conjunctival fornices The 
superior horn extends as far as the medial third of the superior 
formx, Avhilst the inferior horn reaches the middle of the inferior 
fornix It IS to be noted that when the eyes are wide open 
the nictitating membrane does not cover np any portion of 
the cornea and it does not appear to cover the cornea when 
there is normal movement of the eye-ball 

The conjunctiva is a thin glistening membrane which 
consists as usual of a palpebial and a bulbar portion The 
palpebral conjunctiva is not pigmented except at the inner 
margin of the lid and it is so tliin that the tarsal glands can 
he seen tlirongli its ocular surface as fine parallel striations 
Till' bulbar conjunctiva appeal s to be finely pigmented. 

On reflecting the skin of the lids and circmu-orbital region, 
it IS observed that the superflcial fascia is thin and does not 
seem to hold much fat On dissecting out the superflcial 
fascia, .the orbicularis ocuh muscle and cutaneous vessels and 
nerves of the region become exposed (Text Fig 4) 

Tlie Orbicularis ocnli is a thin broad circular slieel 
of muscle surrounding the eutiauee to the orbit, and the 
arrangement of its fibres is such that it can he stated to 
consist of an orbital part and a palpebral part The fibres 
of tlie orbital part are spread over a larger area ivith the result 
that this muscular sheet is relatively thinner than that of 
the palpebral part. The fibres of this muscle winch have 
a concentric arrangement spread out laterally hut crowd 
together medially to foim a thick bundle Borne of the 
peripheral fibres, however, appear to enter into relation with 
the adjacent muscles Borne of the fllires on the medial aspect 
seem to he contmuou.'! ivith the quadratus labi superioris and 
frontahs, whilst on the inferior aspect they ajipear to merge 
with the Orbicularis oris, and laterally Avith the Orhito auricii- 
laris iiiuscles — snpeimi and inferior. 
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The outer hhres of the palpebral part are arranged in a 
manner similar to that of the orbital portion ivith winch 
they blend to form a continuous sheet The inner flbrea are 
arranged somewhat differently , whereas laterally the lower 
and upper fibres are continuous, medially they run together 
in a bundle, tiausversely beneath the fibres ot the orbital 
part, to get inserted into the bony rim The branches of the 
facial nerve supply the oihicularis ocuh muscle The other 
structures that are met with during the dissection of this part 
are the cutaneous nerves and vessels (Text Fig 5) Branches 
from the supra and infra trochlear nerves on the medial side, 
the supra orbital nerve above lachrymal and zygomatico- 
facial nerves laterally and infra orbital nerve on the inferior 
aspect are seen Each of these nerves is followed by a cutane- 
ous branch of an artery of the same name 

FASCIA IN RELATION TO THE ORBIT 

Within the orbit the globe is surrounded and protected 
by three distinct and different fascial layers Of these, the 
outermost coat is the pen-orhital fascia winch is the peri- 
osteum of the bony Avail of the orbital cavity In front, 
around the orbital margin it is prolonged as a membranous 
septa (the orbital septa) and fills up the space between th^e 
honj'- orbital margin and the globe Centrally the orbital 
septa continues as a menibianous sheet into the upper and 
loAver lids Posteriorly wliere the bony walls are deficient the 
pen-oihital tasciais continued as a relatively tougher membrane 
to compensate for the deficiency of the bony wall Laterally 
the membrane is reinforced by some muscle fibres aud forms 
the niemhrana Orhitahs Musculosa (Protractor bulhi) We 
do not knoAv if this structure is present in Tarsius and Chim- 
panzee , m the human subject, however, this muscle is vestigial 
aud IS reduced to a thin narrow lamina and confined to the 
inferior orbital fissure (Whitnall). 

The fat in the orbit not only forms a continuous covering 
of varying thickness beneath the peri-orhita, but also fills 
up the gaps betiveen and deep to the muscles , and it thus 
forms a bed of adipose tissue for all the extrinsic structures 
of the orbit 

The Capsule of Tenon (Fascia bulbi) which is m immediate 
relation to the globe consists of two layers enclosing a potential 
space between them. The deeper layer is attached to the 
sclera ; wlule the superficial layer is prolonged on to and over 
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the muscles Anteriorly the fascia is continued on to the 
conjunctival fornices , posteriorly it could be traced as far as 
the entrance of the optic nerve into the globe. The tendons 
of all the extrinsic muscles of the globe, viz., the four recti, 
two obliques and one retractor, pierce the capsule of Tenon 
before being inserted into the sclera. In addition the cdiary 
vessels and nerves also pierce the capsule to enter the globe. 

The Muscles of the Orbit — There are in all eight muscles 
within the orbit , of these the levator palpebree siiperioris 
belongs to the upper eye-lid and the other seven constitute 
the extrinsic muscles proper of the eye-ball. 

M. Levator palpebrw siipenons arises from the roof of the 
orbit from a small area of the bone just in front of the ojitio 
foramen Its fleshy belly is rather thin and lies beneath 
the peri-osteum of the roof 

This muscle covers the superior rectus muscle and its 
thin tendon expands as it proci'cds anteriorly and divides 
into two lameUiB ; the superior part is inserted into the orbital 
septum and the inferior or deeper lamellae into the superioi 
border of the upper tarsal plate. It should be stated that 
the muscle sheath undergoes some modification and becomes 
thichened to form a transverse band which laterally passes 
into the substance of the lachrymal gland, and medially runs 
towards the trochlea 

This muscle is supphed by a branch of the superior division 
of the oculo-motor nerve which enters the ocular surface of 
the muscle. 

if. Stipenor obhqvo is a slender muscle with a thin 
belly and a long tendon ; it takes its origin from the bony 
area situated on the dorso-medial aspect of the optic foramen 
Whereas in the human orbit this muscle hes at the junction 
of the roof and the medial wall, in Lons lydekkerianus it lies 
more m relation with the medial wall , in this animal it partly 
covers and lies along the upper border of the medial rectus 
from which it is separated by the naso-ciliary nerve Its 
long tendon ivhich is at first directed anteriorly, runs, after it 
passes through the trochlea, backwards and lateralwards , the 
reflected part as it ju’oceeds further expands and approaches the 
tendon of the superior rectus to bo inserted to the globe (behind 
the equator) about the medial border of the superior rectus 

The trochlear nerve entering the superior surface of the 
muscle innervates it. 
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31 Info 10 ) obliqite lias a relatively much better developed 
muscidar belly thau the superior obhque Of all the ocular 
muscles this is the only mustdo that does not arise fiorn near 
the apex of the oibit This muscle arises as a thick tendinous 
band from the maxilla, and its oriqin is situated about one 
millimetre behind the bony margin of the orbit and about 
one millimetre medial to the zygomatico-maxillaiy suture 
h'rom its origin, the inferior oblique muscle proceeds backwards, 
lateralwards and slightly upwards, and passes beneath the 
inferior rectus which seiiaiates the inferior oblique from the 
globe m tliat sitvation On the lateral aspect of the globe, 
the muscle is reduced to a tbin tendon whieb passes medial- 
wards beneath the lateral rectus and gets inserted to the globe 
beneath the tendon of the lateral rectus and behind the equator 
The inferior division of the oculo-motor nerve enters the 
muscle at its posteiior border and supplies it 

The recti muscles are characterized by some common 
featm'es They aiise from a common tendinous ring {the 
annulus tendmeus Communis of Zinn). and all ut them are 
thm sheets of muscle whose tendons, aftei piercing the capsule 
of Tenon, are inserted mto tlie globe in front of the equator 
The neives enter the ocular suiiace of these muscles 

31 liupoio) jectus lies beneath the levator palpebrse 
superioiis which separates the tormer fi’om the roof of the 
orbit aud the fi’ontal nerve The fleshy bell-y of the muscle 
gives rise 1o a tbm tendon which is inserted mto the globe 
in front of the equatoi and i 6 mm behind the hmbus Tlio 
superior division of the third nerve supplies tins muscle 

Jlf Latoal )-ec1us lies m the peri-orbital fat. A short 
distance from its origin, it covers the ciliary ganglion 
Anteriorly the tendon of inferior oblique muscle glasses beneath 
the tendon of the lateral rectus separating the latter from 
the globe Near its insertion, the superior border of the tendon 
passes beneath the lateial pait of the lachrymal gland This 
muscle is snppbed by the abducent nerve 

31 Info 10 ) rectus has a faiily well-developed belly; 
auterioiij the muscle is separated from the floor of tlie orbit 
by the inferior obhque muscle The nerve supplying the 
inferior oblique muscle runs parallel to and in relation with 
the lateral border of the mfeiior rectus The mfeiior division 
of the tim’d nerve suppbes tins muscle. 



The Anatomy on the LemuroideA lOD 

M Medial rectus is the largest of the four recti muscles, 
and it IS separated along its entire extent, from the medial 
wall of the orbit by the superior oblique muscle and its tendon, 
from which the medial recl.us is separated anteriorly by the 
naso-ciliary nerve The muscle is supplied by the iiYerior 
division of the third nerve 

M Retiacto) biilbi which is in a retrogressive phase m 
Lons lydekkerianiis arises at the apex of the orbit from the 
tendinous ring of Zmn, between the origin, s of the superior 
and lateral lecti This muscle lies entirely within the cone 
of the reoti muscles and under cover of the lateral rectus to 
some extent The retractor muscle is inserted into the globe 
by means of a short thick tendon between the superior and 
lateral recti muscles far behind the equator The muscle is 
supplied by a branch of the third nerve (See Fig. 6 ) 



A — Eye-ball as seen from above. 

B — from below 

C — „ ,, ,, from the lateral aspect 

D— „ ,, ,, from the medial aspect 

I 0. — Inferior oblique , I.R — Inferior rectus , L R — Lateral rectus , M P — 
Medial rectus , R.B — Retractor bulbi , S.O — Superior oblique , SR — 
i Superior rectus. 
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In tlje following tablo details as regards insertion, etc , 
are noted : — 


Muscle 

Breadth of 
insertion 

Distance of 
the inteition 
from acleiu- 
oomeal 
junction 

1 Supouoi rectus, 

3 Oinm 

4 5 inni 

2 Superior oblique 

1 7 mm 

5 2 mm 

3 Medial leotus 

2 7 mm 


4. Infenoi rectus 

4 0 mm 

6 0 mm 

fi Intorior oblique 

4 0 mm 

0 3 mm 

6 Lateral rectus 

4 Omtn 

6 2 mm 

7 Retiaotoi bulbi 

2 5 mm 

8 5mm. 


NERVES. 

The cutaneus nerves that supply the eircuin-orbital region 
and the hds have already been mentioned The nerves tliat 
are in relation to the orbit and supply the eye -ball and its 
muscles are the following • — 

(a) The optic nerve, (b) The ocular-motor nerve, (o) The 
trochlear, (c?) Ophthalmic and maxillary divisions of the 
trigeminal, (e) Abducent nerve 

With a view to make the relations of the nerves more 
comprehensive, in addition to their course in the orbital cavity, 
part of then’ intra-cranial course is also noted At the level 
of the cavernous smus, the relationship of these nerves appears 
to be very similar to the conditions obtaining in the human 
subject. The internal carotid artery and the abducent nerv*e 
traverse the sinus, the nerve lymg latero-infenorly to the 
artery The other nerves are aU related to the lateral wall 
of the smus and aie placed from above down-wards in the 
follo-wing order the ooulo-motor, the trochlear, ophthalmic 
and maxillary nerves At the anterior end of the sinus the 
trochlear nerve crosses the oeulo-motor a.nd becomes super- 
ficial to the latter 

At the apex of the orbit, the relationship alters. The 
ophthalmic nerve is already divided into its three component 
branches — the frontal, the naso-cihary, the lachrymal. The 
ocnlo-motor divides into superior and inferior divisions. The 
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troohlear, frontal and lachrymal nerves do not pass through 
the annnlus of Ziim 

The relation of the structures at the entrance to the 
orbit IS as follows — The frontal and the trochlear nerves 
pass exteinhl to the annulus and lie superficial to the proximal 
portion of the levator palpebrae superioris , the lachrymal 
also passes outside the ring and lies lateral to the levator- 
palpebrffi supenoris (Text Fig 7) In the centre of the ring is 



Fig. 7. 

Dissection o£ the left orbit to show the structures as seen from above. 

F.N. — Frontal nerve, L A —Lachrymal artery, LG. — Lachrymal gland, 
L N —Lachrymal nerve , L.P.S.— Levator palpebrae supenoris ; L R — 
Lateral rectus muscle, N.C.N —Naso- ciliary nerve , O.A — Ophthalmic 
artery, 0 N.— Optic nerve; R T.S.O.— Reflected tendon of superior 
oblique muscle , S R — Superior rectus muscle. 

tlie optic nerve on the lateral aspect of which is the ophthalmic 
artery The superior and inferior divisions of the oculo-motor 
nerve botli of which he on the lateral aspect of the optic nerve 
are separated by the naso-ciliary nerve The abducent nerve 
also hcs lateral to the optic nerve 

The oculo-motor nave supplies all the extrinsic muscles 
of the eye-ball ivith the exception of the lateral rectus and 
superior oblique muscles At the apex of the orbit, it is crossed 
by the trochlear nerve which now lies superficial to the oculo- 
motor , the nerve divides, not far from the apex, into two 
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l)rauclies (Text Pig S) The superior division after giving off a 
biaucli to the retractor bulbi muscle, enters the ocular surface 
of the superior rectus, and |Soine of the branches after piercing 
through the superior rectus supply the levator palpebrie 
siiperioi'is muscle Similarly the inferior division of the nerve 



branch, viiich, 
accompanied by 
a branch of the 
ophthalmic 
artery, runs in 
the interval 
between the 
lateral rectus 
and the inferior 
rectus and in- 
nervates the 
inferior oblique 
muscle At a 
short distance 
from its oiigm 
the branch to 
the inh'nor 
oblique gives off 
a short thick 
root to the 
ciliary ganglion, 
and. a short 


C G —Ciliary ganglion , A—Abduoont nerve , IDO — 
Inferior division of the oculo-motor neive, lO — ■ 
Inferior oblique muscle, I R. — Inferior rectus muscle, 
L.C.N — Long ciliary nerves, L.P S. — Levator pal- 
pebr» buperioris muscle, L R — Lateial rectus 
muscle , M R —Medial rectus muscle , N C — 
NasO'C.liary nerve , O N —Optic nerve , R E —Re- 
tractor bulbi muscle , S O. — Superior oblique muscle , 
S R — Superior rectus muscle , S.D O — Superior 

division of the oculc-motor nerve. 

passes medially beneath the optic nerve to 
surface of the muscle. '' ' , 


branch of the 
inferior division 
enters the 
proximal part 
of the ocular 
surface of the 
inferior rectus 
The branch of 
supply to the 
internal rectus 
enter the ocular 


The hocMrar neiie lies, as has already been mentioned, 
m the lateral waU ot the cavernous sinu,s and runs iiarallel 
to and below the third nerve. Behind the annulus of Zirm 
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it LTOSscs tlie oculo-niotor nerve , it then runs, medially, 
obliquely across the superior rectus, and superficially, the 
origin of the levator palpehra? supiuioris, to enter the proximal 
part of the superficial surface of the superior oblique muscle 
This neive enters the orbit through the foramen laeerura 
anterius ■' 

The ophthalmic and majillary divisions of the ti igemvnnl 
nerve — The ophthalmic division of the fifth nerve divides 
at the anterior part of the cavernous sinus into three blanches, 
ini' , the frontal, the naso-ciliary and the lachrymal nerves 
The frontal nerve, which hes siiperfacial to the annulus of Zinn, 
after crossing fiom the lateral to the medial side, the levator 
palpebrae superioris near its origin, iiroeeeds, accompanied 
by the supra-orbital branch of the ophthalmic artery in the 
interval b( tween the levator palpebrse superioris and tlid 
superior oblirpie The main nerve after giving off the supra- 
trochlear branch behind the equator, runs straight as the 
supra-orbital and passes through the supra-orbital notch to 
supply the skin of the forehead and the upper eye-lid The 
Bupra-trochlear branch crosses the reflected tendon of the 
superior oblique and leaves the orbit, after piercing through 
the orbital septum, on the medial side 

The naso-ciliary nerve which passes between the two 
divisions of the ociilo-raotor nerve, crosses from the lateial 
to the medial side, between the superior rectus and the optic 
nerve , and heie it gives off long ciliary nerves and a branch 
of supply to the ciliary ganglion Tt is continued betw'een 
the superior obhque and the internal rectus where it divuh's 
into two branches, an anterior infra-troehlear and a medial 
ethmoidal ; the former passes beneath the tendon of the 
superior oblique and pierces through the orbital septum to 
supply the skin on the medial aspect of the uppei lid and 
the orbit 

The lachrymal nerve enters the orbit external to the 
annulus of Zmn between the lateral and superior recti muscles 
After a short lorw ard course it receives a branch of communica- 
tion from the maxillary neive and then divides into two 
branches — medial ''Stod lateral — which proceed to supply the 
lachrymal gland ‘’>A branch from the medial division (and 
very rarely froifi the lateral division) pierces- through the 
zygomatic process ot the frontal bone and supplies the skin 
over the upper eye-lid, 



204 De a. Subba EAtr and Dk S Hiriyannaiya 

Tie abducent nerve lies infero-lateral to the internal 
carotid artery in the cavernous sinus ; at the apex of the 
orbit the nerve passes through the annulus of Zinn on to the 
oculai’ surface of the lateral rectus which it supplies 

The opUe none which runs medio-laterally enters the 
orbital cavity through the optic foramen Its course within 
the orbit extends over a space of about 7 mni and it enters 
tile globe slightly medial to the posterior pole. The cross 
section of the nerve is nearly oval 

The relations of the optic nerve (see Fig. 8) — Superiorly 
are the ophthalmic artery which crosses the optic nerve from 
the lateral to the medial aspect, and the frontal and naso- 
ciliary nerves Laterally the artery which hes next to the 
nerve separates the latter from the abducent and the inferior 
division of the oculo-motor nerve Slightly anteriorly the 
ciliary gaiighon lies lateral to the nerve, under cover of the 
lateral rectus. Inferiorly the nerve to the medial rectus 
crosses the optic nerve The short cihary nerves very nearly 
surround the optic nerve 

The maxillary nerve though not connected with the eye 
is described here as it has an intra-orbital course It enters 
the orbit through the foramen lacerum auterius, external to 
the annulus of Zinn (Text Fig 9). The nerve hes on the floor 
of the orbit beneath the inferior rectus, and about the middle 
of the floor passes into the infra-orbital canal Within tlie 
orbit it gives off a zygomatico-facial branch which runs between 
the lateral and inferior recti muscles and one branch of this 
nerve estabhshes, as noted above, communication with the 
lachrymal nerve. From the nerve the posterior superior 
alveolar branch is also given off The mam stem of the nerve 
leaves the orbit through the mfra-orbital foramen. 

The ciliary ganglion (see Fig. 91 is of fairly large size 
and IS about the size of a pin’s head , it lies under cover of 
the lateral rectus on the lateral side of the optic nerve It 
receives two roots — one fropr the oculo-motor and the other 
from the naso-cdiary — ^both of which enter the ganglion on 
its posterior aspect From tha anterior aspect of the ganglion 
very fine branches — short cihary nerves, about 8-10 ia number 
— proceed, some on the superior and some on the inferior aspect 
of the optic nerve and pierce the sclera aroimd the entrance 
pf the optic nerve and enter the eye-hall t 
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Dissection o£ the right orbit to show the structures as seen from the lateral 

C G. — Ciliary ganglion, FN — Frontal nerve, I.D.O — Inferior division of 
the oculo-motor nerve, I O —Inferior oblique muscle, I. R —Inferior 
rectus muscle, LCN — Long ciliary nerve , L.Q.— Lachrymal gland , 
L N —Lachrymal nerve, L P S —Levator palpebrse superions muscle, 
L R.— Lateral rectus muscle, M N —Maxillary nerve ; N.C.N — Naso- 
ciliary nerve , N.I 0 — Nerve to inferior oblique muscle , S.O. — Supra- 
orbital nerve , S R. — Superior rectus muscle , S T — Supra-trochlear 

THE ARTERIES. 

The mam arterial snpiily to the orbit and its contents 
IS from the ophthalmic artery — a branch of the mternal 
carotid artery It arises from the carotid at the apex of 
the cavernons sinus and enters the orbit through the 
optic foramen in company with the optic nerve Here the 
artery hes shghtly on the latero -inferior aspect of the nerve ; 
in the orbit, the artery crosses the nerve from the lateral to 
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the inertial aspect, proceeds towards the medial angle of the 
urlnt, and gives oH the following branches — 

(a) The central artery of the retina — On sectioning 
the optic nerve it is found that this arterj is situated, about 
the axis of the nerve , in this respect Dons lydekkeiianns 
resembles Tarsius but differs from Chimpanzee in which no 
('entral artery of the retina has been described 

(ft) The snpia-orbHal branch runs anteriorly between 
the roof of the orbit and the Levator palpehnr supenoris, along 
with the frontal nerve 

(c) The lachrymal arloy follows the course of the nerve 
bearing the same name and supplies branches to the lachrymal 
gland and ,one of its terminal branches passes out through 
the foramen on to the lateral aspect of the orbit. 

(d) The ciliary aitei les — There are two branches which 
follow the long cdiary nerves , the other branches, Dn., short 
ciliary branches, take origin cither from the ophthalmic artery 
or from its branches and pierce the globe around Ihe entrance 
of the optic nerve. 

In addition to the above-mentioned branches, the oph- 
thalmic artery supplies the orbital muscles. 

The lachn/mal appaialus consists of the secretory lachrymal 
glands and excretory passages which include lachrymal 
canahculi, lachrymal sac and naso-lachrymal duct The 
lachrymal gland which is situated on the lateral aspect of the 
orbit under cover of the zygoma, consists of superior and 
inferior portions separated by the aponeiu'otic expansion 
of levator palpebro? superioris It is a small lobulated, gland 
measuring 3 to 4 mm in breadth, 2 to 3 mm in lengt,h and 2 to 
.3 mm in thickness Its arterial supply is derived from the 
lachrymal branch of the ophthalmic artery and* the nerve 
supply IS from the lachrymal branch of 'the ophthalmic 
division of the fifth nerve The nerve divides into three or 
four branches before entering the gland Further the main 
nerve receives a twig from the maxdlary divnsion of the 
trigeminal nerve 

From the anterior aspect of the gland two or three ducts 
emerge which pass through the peri-orbital fat and open into 
Ihg lateral aspect of the superior farmx 

The lachrymal canalicuh — superior and inferior — com- 
mence as funnel-shaped depressions, the bases of which cor- 
respond to the pnneta The puncta are situated at the medial 
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ends of the margins of the hds and are not visible on a superficial 
examination On shglitly evertmg the lid, and pushing 
medially the fleshy mass which overhangs the puncta on their 
medial aspect, they become visible. PJach canahculiis runs 
medially “in the thickness of the lachrymal part of the hd 
margin behind the medial commissure” to enter the laclirymal 
sac. 

The lachrymal sac, lies behind the medial palpebral liga- 
ment and outside the brim of the bony orbit From the lower 
end of the sac starts the naso-lachrymal duct, whicli runs 
downwards to open into the inferior meatus under cover of the 
maxillo-tnrbinal It may be of interest to note here that 
although there is a well-formed lachrymal gland we have not 
seen the animal shed tears 

The Globe occupies the roomiest part of the orbital cavity, 
VIZ., the anterior part of the cavity. As in other mammals, 
it is nearly spherical in shape though made up of segments 
of two imeqiial spheres, the posterior of which is bigger than 
the anterior which corresponds to the corneal hemisphere. 
The posterior surface of the posterior segment is rather flat 
and thus renders the globe apparently hypermetropic The 
antero-posterior diameter of the globe is about 15 mm. and 
the lateral and vertical diameters are equal and measure about 
1-1 mm, Tiie two optic axes subtend an angle of about 
26° between them. 

The globe is nowhere m contact with the bony orbit but 
is separated from it by muscles, fascia, vessels and nerves 
The structures m relation to the globe have already been 
described It may, however, be stated here that the optic 
nerve enters the globe shghtly medial to its posterior pole, 
the short ciliary nerves enter the globe very near the entrance 
of the optic nerve. There are four venie verticose m the 
usual position emerging from the globe shghfly behind the 
equator and lying in relation to the posterior segment of the 
globe. The four recti lying in the vortical and horizontal 
planes are in close relation to the globe Tlie relations of the 
retractor, protractor, the obliques, and of Tenon’s capsule 
to the globe have already been described 

The cornea is relatively large, and even when tlie palpebral 
fissure 13 widely open the sclera is not visible It is a known 
fact that in monocular field of vision large corneal surface 
plays an important part. In the following table the 

2 F 
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dimensions of tho cornea -witli reference to tliose of tlie eye-ball 
of some of tlie mammals are given : — 


.'Immal 

Dimensions of 
the eye-ball 

Dimensions of 
tho cornea 

D 0 

Anlero- 

Posteiioi 

Lateral 

Lateral j 

Verli- 
j cal 

D E 

Loria lydekkeiiaum | 

15 

14 

12 6 


83 

♦Man 

24.8 

24.4 

11 C 

11 

47 

♦Bhoaiia Monkey 

19 6 

19 

12 

11 

62 

♦Cat 

22 

21 i 

18 


82 

♦Horae 

44 

54 

,34 

27 

78 

♦Sheep 

30 

38 

27 

22 

78 

♦Rabbit 

16 

20 

15 


94 


* From Treoolier-Colhnc. 


From the above table it will be seen that man and monkey 
possess a comparatively small cornea and Lons lydokkerianus 
stands midway between the rabbit and the oat as regards 
the relative size of the cornea. 

The ins which is greyish brown to brown in colour 
exhibits a well-marked pattern The shape of the pupil 
varies with the extent of contraction of the ins When fully 
dilated the pupil is oval , when it is half-contracted the pupil 
IS oval with its long axis in the vertical plane, and when it is 
InUy contracted the pupil is acutely oval with its long axis in 
the vertical plane and its upper end inchned shghtly medially 
Lons lydekkerianus possesses a well-developed cdiary muscle. 

In Lons, associated with the large cornea, there is a large 
very nearly spherical lens the lateral diameter of which is 
shghtly greater than its antero-poslenor. Eelatively to the 
size of the eye-hall the lens is rather large. These facts are 
brought out very forcibly hy a critical exarmnation of the 
following table • — 
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Animal 

posterior 

Diameter 

A 

Lateral 

B 

A 

B 

I.urip lydokkennmis 

6 6 

7 fi 

801 

(Foimalm fixed) 



S3J 

*Man . 

4 5 

9 


*Chimpan7Po 

4 

7 

57 


3 5 

6 

5S 

*Uvct Cal 

6 

0 5 

77 

♦Horse 

U 

20 

65 

♦Bheep 

10 

12 5 

8 

♦Rabbit 


9 

73 


♦ Prom Troaohor-Colhua 


Tlie relation of tlie size of tlie lens to that of tlie eye-ball — 


Loris lydekkeriamis . . 

♦Man 

♦Cat 

♦Eabbit 

♦Sheep 

♦Horse 

* From Emmeit quoted by Treacher-Colhns 


10 6 to 100 
42 to 100 
10 to 100 
8 to 100 
7.6 to 100 
6 to 100 


It is to be noted here that due to the relatively large size 
of the lens, the eirciunlental space is very much reduced and 
macroseopicaUy the lens seems to be in apposition with the 
cihary body in formalm fixed eyes. 

On macroscopic exammation it is seen that the ciliary 
muscle IS well developed and the plicai of this muscle are well 
marked. The retina extends to very near the muscle. Con- 
sistent -with the nocturnal habits of this animal, the tapetal 
layer is -well formed Primates This layer has a golden yello-w 
colour and is closely attached to the inner surface of the 
choroid coat of the eye 

The anterior chamber -which is relatively deep measures 
about 3 . B mm , and the -yitreous chamber is about 4 5 mm. 
(from the posterior surface of the lens to the anterior surface 
of the retina) The vitreous chamber is boimd by a distmct 
and debcate hyaloid membrane. We could not make out the 
presence of a hyaloid artery. 
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DISCUSSION. 

A. Fi’om the foregoing description of the Orbit of Lons 
lydehkerianna it tv ill liaye become obvious that the condhions 
in this animal are somewhat difterent from those described 
by Professor Wood Jones. Taking the bony architecture 
of the orbit into consideration, it is seen that in Lons lydek- 
Icerianus there is the ‘OS-planum’ forming part of the medial 
wall of the orbit. 

The Os-planum forming the inner wall of the orbital 
cavity la maintained by Meckel to be characteristic of the 
human skull. Cuvier identified this part of the skull in 
monkeys and declared that “ the Os-plannm of the ethmoid 
was, in Lemurs, altogether enveloped by the frontal and the 
palatine, and therefore did not appear as an element in the 
wan of the orbit”. Both Grandidier and Milne Edwards 
deny the ethmoidal contribution to the orbital wall as they 
consider the Os-planum is overlain by the frontal winch 
directly comes into contact with the maxilla Flower (b) 
m dealing with the osteology of the Lemurs states as follows — 
“In the common lemur . the Os-plamim of the ethmoidal 
does not enter into the inner wall of the orbit but is shut out 
from it by the maxilla as m most inferior mammals.” Kostliu, 
according to Forsyth Major, is the only predecessor of his who 
has given “some positive and on the whole fairly correct 
information on the Os-plamim ” ; and Forsyth Major (da) 
in his paper on “Some Characters of the Skull in the Lemur 
and Monkeys” states that “amongst the Malagasy lemurs a 
fairly large Os-planum (of the ethmoid) is present in all the 
species of Microcehus In the other genera the planum 
becomes fused with the palatal at a very early date. But 
distinct small Os-planum is often visible in young specimens 
of Hapalolemur, Chirogale, Lepidolemnr and Avahis and some- 
times m Lemur” ; and the same author in another paper (Gb) 
writes that “ the lateral part of the Os-plannm (of the ethmoid) 
has become united with the palatal at a very early stage ; 
a remnant of the suture with the latter hone is seen m the 
adult at its antoro-medial extremity , in exceptional cases, 
e g , Lemur cotta and young specimens of Lepido-lemiu’, the 
planum remains completely or almost completely distinct 
from the palatal.” Thus the credit of having established 
that the Os-planum generally forms part of the orbit of Lemurs 
must belong to Forsyth Major. Duckworth (7) who agrees 
with Forsyth Major finds an Os-planum and describes the 
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orbital region of the Lemur as follows • — “ On the inner 
orbital M'all the frontal and maxillary bones join along a suture 
for a distance of about 6 mm and thus widely separate the 
ethmoidal from the lachrymal bone ” 

Prom the precedmg paragraphs it is abundantly clear 
that there is wide divergence of opinion as regards the presence 
of the Os-planum in the Lemurs 

This uncertain state as regards the Os-planum which 
has been literally the bone of contention for the last two 
hundi-ed years, led Wood Jones to study afresh the orbito- 
temporal region of the skull of the Lemur After an exami- 
nation of the specimens described by Porsyth Major he came 
to the conclusion that the description of the adult skulls 
by many of the iirevions investigators was not only defective 
but the identification of the Os- planum was of doubtful value. 
Hence lie studied the skulls of two full-term fmtuses (Ii oatta 
and a hybrid L albifrons X L Melanoccphala) and generalized 
that “in the lemur slciills the Os-plauuni of the ethmoid is laolcing 
and a veiy common mammalian hut definitely non-piimate 
ariangement of the bony element is ^iresent in this leyion.” In 
arriving at this conclusion Wood Jones quotes Porsyth Major 
who says that “it (the so-caUed Os-planum of the ethmoid) 
always forms the roof of the pneumatic cavity which often 
(L catta , L. macaco , L. various) is but an appendix of the 
maxillary sinus The anterior portion of the palatal also 
participates as a rule in the formation of this cavity by form- 
ing its posterior cul-de-sac ’’ Wood Jones fm-ther states 
that “it IS the variability of the posterior extension of this 
inflated ai’ea that produces the variabiUty of the presumed 
suture hne The bones of the orbital wall are particularly 
thin and transparent in the lemurs and in the adult examples 
the septa between an chambers may be far more conspicuous 
than the actual sutm-e hues.” 

x\s against the description of Wood Jones the statement 
of Porsyth Major — ‘ the early imion of palate bone with the 
planum renders it difficult to state for every genus and every 
species, where no yomig stages were avadable and where no 
sections could be made of the skull, m what degree, if at all, 
the palatal partakes in the formation of the walls of the 
pneumatic caviaty’ must be quoted. In aU the Ethiopian 
and Oriental lemurs, according to Forsyth Major, there is a 
distinct Os-planum and the orbital process of the palate is 
small, and in the Malagasy lemurs “part of the planum is 
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shielded by the frontal, and the anterior prolongation of the 
orbital process is large. In these animals the larger portion 
of the orbital process is part of the planum which in union 
with a small process of the iialatal helps to form the walls of a 
pneumatic cavity ” It is thus obvious that Forsyth Major 
does not preclude the iiossibihty of the involvement of the 
planum in the constitution of the bony wall of the air sinus. 
In so far as it concerns Lons lydekkerianus we are satisfied 
that there has been no mistake in differentiating between 
the septal walla and the sutures , and in all the skulls examined 
by us (both new-born and adult) there was no such fusion 
as IS referred to by Forsyth Major between planum and the 
palatal , and the constituent bones of the region could easily 
be dis-articulated Further it should be stated that m 
Ij lydekkerianus there are no obvious air sinuses in the suture 
Ime between the Os-planum and the vertical plate of the 
palatal bone. 

Wood Jones describes the orbital wall of the fcetal Lemur 
catta as follows — “The orbital plate of the frontal takes a 
very large share in the formation of the orbital wall ; it 
meets the nasal and the lachrymal in front, but at this stage 
it IS separated from the frontal process of the maxilla hy 
an unossified interval Behind it meets the parietal at the 
coronary suture, and helow it meets the anterior edge of the 
very small oxbito-sphenoid. Along the lower border of the 
orbital plate of the frontal runs an elongated bone shaped 
somewhat hke a plough-share This bone articulates m front 
with the lachrymal and behmd with the orbital plate of the 
frontal ; it is in contact with the orbito -sphenoid and 
ah-sphenoid Below greater portion of it is free, but m front, 
the maxillary which is very small and only partially ossified 
meets its lower border. This long bone is the orbital process 
of the palate and about its mid-point is perforated by two 
foramina presumably the naso-palatine canals ” 

From a study of the above description it is easy to see 
that the “orbital process of the palate” of Wood Jones is really 
the Os-planum correctly idenlafied hy Kosthn, Forsyth Major 
and Duckworth. In the late foetal sknUa of Lons lydekkerianus 
we have found defimte evidence of suture lines separatmg the 
Os-planum. Further the fronto-maxillary suture the presence of 
which is denied hy Wood Jones m L. catta, is very easily re- 
cogmzahle in L. lydekkerianus Moreover, the contention of 
Wood Jones that “the maxdlals excluded by the jugal from 
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forming part of the margin” m Lemurs is untenable since the 
bony margin of the orbit in Lons lydekkerianus is formed by 
the frontal, the maxilla and the jugal 

The lachrjrmal does not form part of the orbit in Loris 
lydekkerianus an observation which conhrms the statement, 
as regards the condition in Loris and Nycticebus, of Forsyth 
Major. This disappearance of the lachrymal bone from the 
orbit IS probably duo, as maintamed by Gregory (8), to 
the great reduction of the snout, of the extent of the nasal 
cavity and the shifting of the eyes from the lateral to a more 
forward position. 

B The visual organ of Lons lydekkerianus presents a 
happy combmation of obviously primitive and progressive 
featm'es. An examination of the anatomical details suggests 
that though the structures which help the monocular field 
of vision persist, yet very deflmte changes which would favour 
bmocular field of vision are observable. 

In all those animals whose visual organs are smted most 
for monocular field .of vision winch, as is well known, aims 
at mcreased field of vision and clearness of peripheral images 
the eyes are set most prominently in the head and the size 
of the cornea relatively to the oye-baU is large. Further these 
animals have a large spherical lens with, m some instances, 
an oval cornea and oval pupil 

In Lons lydekkerianus the complete bony orbital ring 
holds the eye fairly prominently, and as the diameter of 
the cornea is more than three-fourths the antero -posterior 
diameter of the globe the “wlute of the eye” is not exposed 
to view This animal possesses a nearly spherical lens whose 
lateral diameter is only shghtly greater than that of its antero- 
posterior diameter. In addition to these and in a way more 
important is the presence of two antagonistic muscles — the 
retractor bulbi and the muscle of Gagenbaiir The 
function of the R bulbi is to protrude the eyes and thereby 
secure temporarily an extension of the monocular field of 
vision. It should be stated that m lower animals the re- 
tractor bulbi IS a powerful cone-shaped muscle having an 
extensive msertion as an antecedent to effective functionmg, 
and m them the muscle of Gagenbaur is also well developed. 
But in Loris these two muscles are already m a retrogressive 
phase masmuch as the retractor Milbi ts reduced to a tliioh 
bundle of muscle fibres loith a small area of insertion and the 
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frotraeto) muscle to a relativdy thin sheet witli scarcely a lew 
muscle fibres. 

Thus we find tliat wlien the palpebral fissure is Avide the 
eyes are only sbghtly protruded, a phenomenon due to the 
co-ordinate action of Levator palpebrarum, and the muscle 
of Muller. 

In Loris lydekkerianus there is a -well-developed nictitat- 
ing membrane which moves over the corneal surface especially 
■when the eye-ball is dra-wn back by the retractor bulbi and 
■winch “protects the front of the eye from injurious mfluences, 
lubricates its surface and removes any foreign substance 
vjrliich may become lodged m it” (Treaeher-Oolhns). 
Although this animal is perfectly arboreal and uses its forelimbs 
in grasping and carrying its food to the mouth, yet it has 
perfectly well-develoiiod nictitating membrane In our dis- 
sections the presence of the Harderian gland could not be 
made out. 

In Loris lydekkerianus the snout has become very much 
reduced and the eyes are directed foiwards mth the result 
that the t'wo -visual fields overlap to some' extent The orbital 
axes subtend an angle of nearly 50*" beWeen them and each 
optic axis mclmed to the median Ime at an angle of 13°. 
These circumstances arc suggestive of the possession of bmociilar 
vision by this animal , and yet o-wing to the absence of a 
macula as the ophthalmoscopic examination reveals, the power 
of hinoeular vision must mdeed be very limited It is hkely 
that m this animal the anatomical defect — the lack of a fully 
formed macula with a fovea is compensated for by the move- 
ments of the head assisted by a restricted and yet observable 
conjugate movements of the eyes in the vertical plane. 

We are indebted to Mr. K. Somasundaram for assistance 
in the preparation of the illustrations and our thanks are due 
to Prof. 0. It hfarayan Bao for help with hterature. 

SUMMARY. 

The orbits are dnected forwards. The presence of an 
Os-plannm forming the inner wall of the orbit is noted. There 
is an easily recognizable fronto-maxillary suture. Maxilla 
is not excluded by the Jugal from forming part of the orbital 
margiu. Evidence is brought forward to show that the animal 
possesses both monocular and binocular vision. Both 
Betractor bulbi and Protractor bulbi muscles are present. 
There is a tapetal layer A macula with fovea is lacking. 
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AN EFFICIENT INSULATING DEVICE FOR 
ELECTROSTATIC WORK, 


By a. Venkax EiAO Telang, M A, 
{Professor of Physics, Gentral College, Bangalore ) 


In tlie case of Eleckostatac instruments, especially instru- 
ments used m connection with atmospheric electricity, one of 
the most troublesome problems has been to secure good insula- 
tion Various materials, such as vulcanite, sulphur, amber, 
amberoid, etc , have been used with more or less success under 
different conditions. After a senes of tests, I found that 
quartz, if kept warm, i,e., at a temperature some degrees higher 
than the surroundmgs, was an extremely satisfactory msu- 
lator, and this has been used by me for some years past.* Leak- 
age (apart from that through the slightly lomsed atmospheric 
air) when it occurs through the supports, may be attebut- 
ed to two distinct processes : firstly, conduction through the 
body of the dielectric and secondly, conduction along a surface 
film, essentially of moisture The first, , conduction 
through the body, is very little at ordinary temperatures. The 
second cause is responsible for most of the leakage, and in 
moist weather may cause a breakdown of the insulation. By 
warming the insulator, t.e., mamtaming it at some degrees 
above the surroundmgs, the formation of the film can be cheek- 
ed, with considerable improvement in the insulation The 
temperature should, however, not be too Mgh, as it may in- 
crease the body conductivity appreciably and thereby fad to 
yield the full benefit of the removal of the film In fact, it has 
been found by trial that there is an optimum degree of warming 
which gives the best result. The warmmg may be earned out hy 
means of an electric current, and by determmmg the rates of 
leak with different heating omuents, the optimum current can 
be found (Table 1). 


V%deda3aripiiionmTndianJ<yurnalofP7iysic«, Vol. V, Part VII, pp, 7C9-60. 
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Table 1. 

Headings of Gold Leaf Electrometer (charged to 130 volts 
and isolated) after steady condition is reached, 
with different heating currents 
[Instrument as in Fig. 2(a)] 


Heating 

ounents 

I Time in minutes 

0 

1 

2 

3 


5 

0 

164 

140 

129 

119 

1104 

102 

1 

164 

141i 

1.32 

1224 

1144 

1074 

13 

1.34 

146 

136i 

1304 

1244 

114 

2 

154 

147 

1424 

137 

130 

127 


164 

1601 

1464 

143 

138 

135 

4 

154 

150 

147 

145 

1404 

1374 

5 

134 

160 

146 

143 

1394 

136 


164 

147} 

14.1J 

139 

134 

129 

’ 1 

164 

146 

138 

131 

126 

121 


13th June 1932 Weather fairly cloudy 

The optimimi current can be eeon to be about 4 amps 


The above statements are true for most insulators, but 
in the case of glass, it is found that the body conductivity 
increases so rapidly with temperature that improvement 
of insulation by heating is very limited. Conditions are 
better with vulcanite, and considerable improvement in 
its behaviour even in moist weather could be secured by 
warming. But the shght softening which results by heating 
causes deformation, and this renders it unsuitable for use in 
many cases These defects are entirely absent in quartz whose 
body conductivity mcreases but slowly with temperature, and 
which retains its strength and hardly undergoes any expansion 
It IS also a material which can be obtamed reasonably cheap 
m the form reqmred, vk., tubes of diameters one to two cm. 
Quartz is now being employed by me successfully in a variety 
of apphances, and below are given some of the designs. 

1. Insulation for Quadrant Electrometer (Fig 1). — 

The vertical brass tube AB which carries the Electrometer 
head is m two parts, rigidly connected by means of a 
quartz tube Q As direct warming is out of the question, a 
glass tube T is fixed outside, concentric with the brass and 
quartz tube, and a heating coil C is wound over it. The heat 
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AB.— Brass tube , QQ— Quartz tube, TT.— 

Concentric glass tube ; EE. — Healing coil 

w ound on glass tube. 
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Fig. 2.* 


Shackle and Tension Insulator. 

D — Bracket, P — Plank screwed ya bracket, AB— Quarts tube fixed into 
the plank; CC — Heating coil ; V— Vulcanite plug, R1R2 — Thin metal 
rod passing tightly through V, S — Shield for protection against rain, 
etc , i{ necessary; W — Wall beyond which the Insulated rod can project 


* Fig 2 represents the form of insulator used (1) for supporting the dis- 
sipating wire on either side in measurements of atmospherie electno conduc- 
tivity, and (11) to connect the collector to the recording electrometer across the 
wall Or partition 
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Fig. 3 (b). 

Mount lor Radtum Collector Sectional View. 

Afl—Bracket; WW — Plank screwed to bracket ; QQ— Quartz tube 

passing through the centre o{ WW and ; PQ'— Piece of wood 

fixed to WW to be tightened on QQ by means of screw K [Horizontal 
section shown in 3 (c)] , CC — Heating Coil , RR— Metal rod of required 
height and projecting above, about 2' below A3A4 , C' — Collector, 
W'-— Wire from collector , S'S'dlS'^S" — Sleeve covers to protect QQ 
from ram, etc 



Fig. 3 (c). 

Horizontal Section of PQ' 


NOTE ON A CRITERION TO TEST WHETHER 
A GIVEN SOLUTION OF THE DIFFEREN- 
TIAL EQUATION ^ (x, y. £) = 0 IS SINGULAR 
OR NOT. 

By Db. C Srihivasiengae, D.Sc, 

(Department of Mallicmatics, Central College, Bangalore.) 


§1. An elegant theorem to test -whether or not a given 
solution of the differential equation <f> (w, y, p)—0 is included 
m the complete primitive as a particular solution (or part of 
a particular solution) was given b-y M. J. M HiU m a paper 
pubhshed in the Proceedings of tlieLondon Mathematical Society, 
Series II, Vol 17. We shall enunciate HiU’s Theorem in an 
improved form as follows • — 

The necessary and sufficient conditions that any analytic 
function if {w, y)=0 should be a singular solution of the dif- 
ferential equation corresponding to the primitive o = g {.v, y) 
are — 


(1) Lt 

tf-^ 0 


b (lA. 9) 
b {x, y) 


=?fcO 


(li) ^ _ Lt. 

bx / by ~ if 0 NSa; / by' 


assuming that the following conditions are fulfilled ; 

(a) g does not become infinite when (but — c 

~ may become infinite when tfi=0) 


(to) 


all the values of x and y which malce \js(x, y)—0 do 

not also malce ^ and ^ zero at the same time, 
bx by 


Of the conditions (i) and (u), (n) denotes the condition 
thati/(=0 should be a solution; (i) is the condition that it 
should be singular. 



226 


Db. C. Sr. Sbinivasiengab 


^Tien the condition (a) is not satisfied, the primitive can 
be replaced by e' = 

One simple result can be formally iiroved as a corollary 
of the above theorem : 


^ (®) y) = ® « singular solution, it will continue to 

be singular when x and y are transformed by the substitutions 
ir = f^ {X, Y) ; y—f,^ (X, Y) where none of the first partial 
derivatives of or becomes infinite in virtue of 


This folloTvs from the identity — 

^{a(Uff)> _ iM.'/') ^ h) 

h(X, Jf) ~ d(x,y) ‘ b(X, Y) 

§2. We shall discuss some mteresting examples : — 
(1) The primitive o!p—y (log yfi is given by 
Consider the soln+ion y-> + 0 s ifi (x, y) 


Lt. h (i/>, g) 
3 / + 0 <>{x, y) 


.+0 


y (log vT 


2 / + 0, ■which IS evidently a solution, is therefore a sm- 

gular solution 

(2) 2 p+y’ e y^=0, -whose primitive is y~‘^— log (c+w), 


or 0 = ev^—x. 


y = 0 is a solution, but y=0 makes infinite. If 

we take the pirimitive as ^ 1 


^ ia< 'l>) 

h {X, y) 


Lt 

0 


(( 3»72 ~X ^ 




0 y ^ — x) / \{e'J^ — x) y 


Lt. 
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i/=0 IS thus a partieular solution. It should he considered 
as the hmiting form of the primitive ^ __ 1 when 



In the nomenclature of Professor B. B Wilson,* it may he 
called an “infinite solution” — a lioinenclature of some use 
when dealing with efihation^ of tlie 'second and higher 
orders 

In this and in similar examples, whese the determmation 
of the limit of is troublesonie, the following rule will 

he often helpful : 

“ IJ xjj {x, y) = 0 la a solution of the differential equation, 
and if the cuive i/t—O touches all the curves of the jinmitive at 
the same fixed points, ip = 0 cannot be a singular solution.” 

This follows from a theorem discussed elsewhere ;i 

Any singular solution of the difterential equation 
(p [x, y, = 0 must necessarfiy represent the envelope of 
the primitive curves, and hence at every qioint on it must touch 
some one of the primitive curves {Note ^ A smgular solu- 
tion IS defined as a solution not mcluded m the primitive. 
This theorem will not he, true when other defimtions are 
adopted. ) 

(3) e~ ~v has for its primitive x-{-e1—e y->-4-0 
is an asymptote of every curve of the family It is therefore 
a particular solution, or an inflmte solution. 

(4) f~y log y. Primitive: c= log log (j) ~ x. The 
solution y-^-f 0 is an inflmtc solution for the same reason as 
m (3). 

(o) A similar example . p ~ me x tan x 
Primitive • y c ~ Bee x 

Inflmte solution • ic = -^ . 

(6) To discuss the nature of the solutions ± t for 
the equation ^ — 1 


* Advanced Galculua, §101. 
t ToTiolu Mathemahcal Journal, Vol 30, p. 370, 
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If we write the primitive in the form y — tan (a: + c), or 
x-\- c — arc tan y, the rule given in §1 will indicate that the solu- 
tions y — ■k% are not included in this primitive We shall how- 
ever he Avrong, if we conclude on this ground that the solutions 
are singular, for they do not envelope the system of primitive 
curves. In fact, the conditions for Cauchy’s existence- 
theorem bemg satisfied m any ordinary neighbourhood of the 
set of values x — x^, y — ±%, there can be only one solution 
satisfymg the differential equation, assuming the value y — ±i 
when X = x^. This solution is obviously y = iz i itself. 
These arguments clearly point out that these solutions are only 
particular integrals. 


The fact is that 2/= tan (!B-|-o) should be regarded as an 
incomplete pnm%tive, for when we integrate both sides of 
dy 


the equation 


1+J/^ 


= dx, we tacitly omit the ease when 


14-1/2=0. The equation 14-2/-=0 should be regarded as a 
residue to the primitive in the above form That y = ± ^ are 
particular solutions may be brought into vividness when we 

take the primitive in the form = c e'**. 


I shall have occasion in other papers to consider many 
instances of such incomplete primitives The present example 
is a rare instance of its kind for equations of the first order. 


§3. We shall next discuss the further criteria which 
enable us to decide about the character of the solutions in 
those cases where the condition (6) of §1 does not hold 


If IS identically zero being not zero) , m other 

words, if t/( IS a function of x only, the conditions as stated 
m §1 reqmre no modification. In fact, if >p= 0 is a solution, 
it IS necessarily singular, unless g is also a function of x only, 

or contains i/i as a factor. Smiilar remarks hold good if ^ 
is identically zero. 


Hill has given examples where ^ vamshes, not 

identically but m virtue of ^=0. He has further proved 

that, if when xb—Q, one of the or vamsh, the 

' ^ ' ’ cx oy^ ’ 
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other also vanishes and the relation ^ — (K-t-) =0 
oj.^ i>y‘ 'OAoy 

holds good. >p=0, as it is, does not repre,sent a proper 
curve. 

Let now ip {x, y)=0 be a function of this nature. Then, 
we have • 


The necessMy and sufficient conditions that p {x, y) = Q 
should represent a singular solution of the diffei'ential eguation 
corresponding to the general primitive c=g {x, y) are • 

(i) One at least of the limits 


Lt, 

h^ip 

h^ 

hxhy 

Lt, 

hxhy 

h^p 

hy2 


'^y 

hx 

H 

’ ip-^ 0 

hx 

hy 


should he different ft om sero 

(12) ^ ^ ^ 

_ hyhy _ Lt ^ 

h^ijt f) — >■ 0 i)g 

lixhy c)?/2 <}y 

We shall >vnte dow'n the value of ^ for the function 
f/ (x, y)=Q. 


hip 

% _ Lt. hx 
dx ip-^Q hip 
hy 


Lt. 

= h-i>- 0 ; 0 


Lt. 

“ ^-^ 0 , ]c ~>0 


h 


h 


hx^^ hxhy 

^'4 I r. 

hxhy ' ^ hy'^ 


hipjx+h, y+k) * 
hx 

hip{x+h, y+]c) 
hy 


From Hill’s theorem mentioned in the previous para, 
it follows that this lunit is equal to either of the expressions 


♦ If ('ll,!/!) 18 tJi8 point at which ^Is required, 0—^0 means that 
K— j/— ^i/i. h and k are infinitesimals which tend to ?oro so that we have 
always \p (ai+A, y, +i)=0. 
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4^ The proof can now be completed on the 

yf of 

hxhy c)if 

same lines as Hardy’s proof of. Hill’s theorem (Vide Hill’s 
paper, loo eii ). [The assumption will have to be made that 
ifj (r,, y )—0 defines 3/ as a function of x , in the case of Hill’s 
theorem, this was true by the theorem on implicit functions 
The present theorem as well as Hill’s theorem indicate in 
essence the principle of Jacobians, whatever subtleness may 
be adopted for the formal proofs.] 

[Note : It might happen that and are both 

zero when ih—O, but that 44 is not zero, (or 44 == 
= 0 , but 1 ^- =5^ 0) . It IS therefore necessary to con- 
sider the limits of both the determinants in (1). If 44 > 

44- ) 44 are all zeio, the theorem breaks down, but the 
oxoy oy^ 

method of analysis is easily extended to such oases.] 
Examples : 

( 7 ) To test whether » = 0 is a singular solution of 

{u-h2)p = y(D-f l)(log »)2, where v — 's/ 1 + y^ —1. 

Hero ~ = 0 = 4 - whenever ® = 0 . 
c)x hy 

yv _8 

^ = ( 3 -fy-) 3 which is equal to 1 , when 11 — 0 The 
priuutivo is — ^ + 



h-V 

0 -V 
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= Lt. 

1-^0 
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<>x 

by 


Dllog v)^ hy 


u = 0 , i.6., 1/ = 0 is however a solution evidently. It is thus 
a smgular solution. 
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(8) The same problem for the equation 

(p-{-2) {osp—y) — xii{v+l){log t) 2 where •»= \/ 1 + ^ — 1 

<. ■, XT j 1 « bv a-o a-iJ ,, 

It as found that when J> — 0, — r-^- are all zero, 

’ aa; ' ay oa,- dxoy 

but^-^ = l yasgavenby + 

c)-« a^y 
aa;ay ai/2 

= - 1 . 

a.® ay 

u = 0 IS therefore a singular solution. 

All the examples m this paper except (5) and (6) are t alien 
from Hill’s paper. 


Lt 

y-> 0 



SUBSTITUTION IN RESORCINOL 
DERIVATIVES. 


BROMO-DERIVATIVES OF RESORCINOL 
METHYL ETHYL ETHERS. 

By M Sesha Iyekgab, and H Budba Jois 


It has been shown thSit 2 • 4-dimethosyb enzaldehyde 
and 2-ethoxy-4-niethoxybenzaldehyde and theix correspond- 
ing acids yield on bromination monobroino -aldehydes and 
acids lespeotiYely, the bromine taking up the position 5 
(M. G, Sriniyasa Rao, 0 Srikantia and M. Seaha Iyengar 
J Ghem. 8oo , 1239, 1581). As a result of further study it is 
found that during the bromination of the above-mentioned 
aldehydes and acids, although the main products are mouo- 
bromo-derivativcs, yet a small quantity of dibromo-derivatives 
of resorcinol-ethers could be isolated, the second bromine atom 
replacing the aldehyde or the acid group. The monobromo- 
aldehydes and acids were also found to yield on further 
brommation identical dibromo-resorcinol ethers. 


OOOH OOOH 



OCHg OCHj 


lY 


III 
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Experimental. 

Bromination of 2 • i-dimetlioxy bemoio acid (I)’ — The acid 
(2 g.) was brominated by treating a solution of it in glacial acetic 
acid with bromine in molecular proportion (also dissolved in 
twice its volume of glacial acetic acid) and by frequently shak- 
ing in the cold. A colourless crystallme substance separated 
and the supernatant hquid remained pale yellow even after 
some hours. The precipitate was filtered off, washed first with 
acetic acid and then with water (yield 2 1 g.) On recrystal- 
lization from acetic acid the sohd melted at 196-197“ and was 
found to be 5-bromo-2 . 4-dimethoxybenzoic acid (IJ) (loo 
at ) The filtrate on dilution with water gave a wlute preci- 
pitate which on recrystalhzation from acetic acid melted at 
140-141°. This bromo-derivative (yield 0 76 g ) was insoluble 
in sodium bicarbonate and its melting point was not 
lowered when mixed with 4 ■ 6-dibromo-resorcinol dimethyl 
ether (M. Kohn and G Loff Monatschefte, f Ghemte. 1926, 45, 
589-596). 6 Bromo-2 : 4'dimethoxy-benzoic acid (II) on 
further brommation in acetic acid solution pelded 4 ■ 6- 
dibromo-resorcinol-dimethyl-ether (T). 

Bromination of 2 • i-dimetlioxy-ben^aldehyde (III). — The 
aldehyde on bromination in the manner detailed above yield- 
ed a precipitate 5-bromo-2 . 4-dimethoxy benzaldehyde (lY) 
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as the primary product and the filtrate on dilution witli ivaiier 
gave a wliite precipitate as the secondary product Tins latter 
on recry stalliza,tion from acetic acid melted ati It^ 

yielded neitlier an oxime nor a hydrazone and was found to be 
4 : 6-dibromo-resorcmol-dimetliyl-etber (F) The same 'pro- 
duct (F) was also got by further brommation of (IF). 

4 : Q-iJibromo-resomnol-l-etJiyl-S-methyl-ether (Fa) • — 2- 
ethoxy-4-methoxy-benzoic acid (2 g ) was brominated in acetic 
acid solution with bromine in molecular proportion in the 
manner detailed above when a precipitate of the corresponding 
.?-bromo-derivatiTe {Ila) m p. IQS-lSd” {loo. eii ) was got as the 
main product (yield 2.2 g ), while the filtrate on dilution with 
water yielded a colourless crystallme substance (yield 0.8 g.) 
which on reorystallization from acetic acid melted at 98-99° 
This oompoimd is found to be 4: 6-dibromo-l-ethyl-3- 
methyl-ether (Fa) Jt w'as insoluble in sodium bicarbonate 
(Found Br ,51.8 per cent , ( 09 lIio 02 Bra requires 51 . 57 per 
cent). 

An identical substance was got as the secondary product 
by brommating 2-ethoxy-4-methoxy-benzaldehyde (Ilia) m the 
manner detailed above along with 6-bromo-2-6thoxy'4- 
methoxy-benzaldehyde (IFa) as the primary product {loo oit.). 
The secondary product yielded neither an oxime nor a 
hydrazone. The same dibromo-comiiound was got by further 
bromination of {Ila) and (IFa) separately, thereby showing 
the possibility of the acid group in one and the aldehyde group 
in the other having been replaced by the second bromine atom. 

The above dibroino-denvative was also found to be iden- 
tical with the product obtained by brommating resorcinol, 
methyl- ethyl-ether with bromine while under similar conditions 
resorcmol-dimethyl-ether yields 4 . 6-dihromo-resorcinol- 
dimethyl-ether (Homg, Ber., 3878> 11, 1041, Tiemapn, 
Parrisius Ber., 1880, 13, 2366, M. Kohn and Loft' Monatschefie, 
loo. cit.). 



AUTOMATIC PULSATIONS IN PLANTS. 

By L IfAEATANA EAO, M.Sc. 

{Assistant Professor of Botany, Mysore University.) 


The demonstration of antomatic pulsation in plants 
deserves special mterest from the fact that Sir J 0 Bose’s 
researches have shown that it is the pulsating activity of a 
propulsive layer that maintains the ascent of sap 

The problem of ascent of sap to the top of the trees some- 
times as high as 160 metres, baflled inqmry for more than 
200 yoais. According to the generally held physical theory, 
living cells take no part in the process , of the physical pro- 
cesses that have been mvoked, neither capillarity nor atmos- 
pheric pressure can offer any explanation of the phenomenon. 
As regards the osmotic action, it is too slow a process to 
account for the relatively quick rate of the movement of sap. 

The idea that any physiological activity could underlie 
the ascent of sap received a severe blow from the experiment 
of Strasburger on the action of poison ; he came to the conclu- 
sion that poisonous solutions did not produce any change m 
the rate of ascent of sap nor m tlie attitude of the leaves of the 
plant. 

Sir J 0. Bose has, however, shown that poisonous solu- 
tions cause an immediate retardation and llnal abolition of the 
ascent of sap. This is simultaneously indicated by the con- 
tinuous diminution of the rate of suction and by the increasing 
fall of the indicating leaf The activity underlying the pro- 
pulsion of sap IS not confined to any particular region but exists 
throughout the length of the jilant. After the application of 
poison successive zones of the hvmg stem are put out of action, 
resultmg m a dimimslied rate of ascent and final abolition. 

He has also shown that uTigation with cold water retards 
the rate of ascent of sap while application of warm water 
enhances it. Plasmolytic agents induce a temporary retaliation 
or arrest, wlule apphcation of fresh water revives it In con- 
trast to this is the action of poisonous solutions which cause a 
permanent abohtion of the ascent of sap. 


Motor M cchamm, of Plants, 1928, p 300 
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It has also been shown that physiological changes which 
enhance the pulsatory activity of the animal heart and that 
of the Destnodium leaflet also cause an enhancement of the 
actmty of the ascent of sap , agents which depress the activity 
of these organs also depress or arrest the ascent of sap. 

The results of these experimental investigations lead to 
the conclusion that the movement of sap is dependent upon 
physiological, and not physical action ; the source of the 
activity IS to be sought in the livmg tissue of the stem or the 
petiole, the propulsion of sap being maintained by a pulsating 
mechanism similar to that in the cardiac tissue of the animal 
and in the pulsatory tissue of the Desmodium leaflet. 

The characteristics of the pulsatory activity of Desmodium 
leaflet are therefore expected to cast a flood of light on the 
ohscurities of the phenomenon of the ascent of sap. I, there- 
fore, undertook to conduct a large number of experiments that 
have been earned out at the Bose Institute on the automatic 
pulsations of Desmodium. 

The lateral leaflets of Desmodium execute pulsating move- 
ments, the characteristics of which are very similar to those 
of the rhythmic movement of the heart. The pulsatory move- 
ments of Desmodium are described as spontaneous ; but strict- 
ly speaking there is no such thing as spontaneous movement. 
The energy which expresses itself in pulaatmg activity is de- 
rived by the plant either directly from the external som-oes or 
from the excess of such energy already aocumnlated and held 
latent m the tissue. When the storage is exhausted by keep- 
ing the plant in a dark room, the so-called spontaneous move- 
ment comes to a stop ; in this state of standstill the pulsating 
activity becomes revived by fresh stimulation. 

The isolated petiole contammg the lateral leaflets is mount- 
ed water-tight in the shorter end of a narrow U-tube. The 
longer end of the tube is filled with w'ater and exerts a certain 
amount of internal hydrostatic pressure wliich is favourable 
for the maintenance of uniform pulsation. 

The arm of the recording lever is attached by means of 
a cocoon thread to a point about the middle of the leaflet by 
means of a drop of sheUac varmsh As the pull exerted by the 
mmute leaflet is very feeble, the writer has to be made ex- 
tremely hght. It is desirable to obtain data for accurate time 
measurements of different phasic movements of the leaflet. 
This has been secured by the most perfect OsciUatmg Eecorder 
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in wliieli the recording plate is made to execute a to and fro 
movement either once m a second or once In four seconds. 

Experiment 1. — ^As an example of the extreme regularity 
that can he secured in the pulsatmg movement I reproduce 
the following record which was obtained during the period 
of 36 minutes The successive dots are of intervals of four 


Fig. 1. 

UniJorm pulsations oi Desmodium leaflet for 36 minutes Up-curve represents 
systolic contraction, down-curve diastolic expansion. 

seconds ; as there are nine complete pulsations the period for 
one complete pulsation is four minutes. Under uniform con- 
ditions the pulsations remain constant Any change m the 
external conditions is followed by an appropriate change m 
the amplitude or period of the pulsation. When the tempera- 
ture IS moderately high as m summer the period of a sin gle 
pulsation may be as short as two minutes , but in colder season 
the period may be as long as five minutes 

Time- Relations of the Pulsating Movement. 

The “ up ” and “ down ” movement of the Desmodium 
leaflet has certain deflmte peculiarity. The “up” move- 
ment recorded by the “down” curve is executed somewhat slow- 
ly and comes to a pause for a certain length of time at the 
extreme “up”-limit There is in reality no absolute cessation 
of movement but at the turning point the “ up ’* is reversed 
to “ down ” movements and nee versa After reaching the 
extreme up-position the down movement is commenced and 
this IB accomphshed m a much shorter tune. After reachmg 
the lower position there is a pause once more, when the cycle 
IS agam repeated 

Experiment 2 — I give a detailed account of a single pulsa- 
tion taken on a fast moving plate, the successive dots being at 
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intervals o£ four seconds. The period of an entire pulsation 
■was 114 seconds of which the down movement or systohc 
oontraetion was accomplished in 44 seconds followed by a short 
])ost-aystolic pause lasting for 12 seconds The up movement 


Fig. a. 

A single pulse of Desmodium leaflet taken on a fast moving plate. Note 
quick rate of systolic movement and post-systolic pause, alovir rate of 
diastolic movement and long post-diastolic pause 

or diastolic expansion extended over 80 seconds immediately 
followed by the post-diastolic ])anse of the duration of 28 
seconds The facts to be noticed are that the systolic is much 
qiuoker than the diastolic movement and that the post-diastolic 
pause IS more protracted than the post-systolic pause. 

Internal Hydrostatic Pressure on Pulsatiin. 

A certain amount of internal hydrostatic pressure ^s 
essential for the maintenance of pulsating activity. Thus the 
qmescent heart of a Snail can bo made to pulsate by increas- 
ing the luter-cordiac pressure Similarly a condition of draught 
brings the pulsation of the Desmodium leaflet to a state of 
standstill, a revival bemg produced by irrigation The ascent 
of sap is likewise arrested under prolonged draught and revived 
after increased turgor produced by absorption of water. 

Effect of Ether 

JEx^enment 3. — The effect of a mdd narcotlo like ether is a 
depresssr of pulsating activity, as seen in the i eduction of the 
amplitude of pulsation (Text Rg. 3). A prolonged application 
would have arrested the pulsation. Air was, however, 
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Fig. 3. 

Effect of Ether -vapour on the pulsations. Note the arrest of pulsations under 
the mild anaesthetic applied at the first arrow and subsequent revival on 
substitution of fresh an at the second arrow. 

substituted for the ether vapour m the chamber containing the 
plant. The result is seen in the slow revival of activity. 

Effect of Chloroform. 

E<ep(yi'vment 4 — In contrast with the effect of ether is the 
toxic action of the strong narcotic chloroform The first 
two pulsations are normal, chloroform vapour being introduc- 
ed into the plant-chamber at the point marked with the arrow. 



t t 

M Atv 


Fig. 4. 

Action of Chloroform, Permanent arrest of pulsation which could not be 
revived by the admission of fresh air, 

■1 „ 
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This caused a complete arrest of the pulsation and the death 
of the leaflet ; for substitution of fresh air at the second arrow 
was quite ineffieotive, since there was no revival of the pulsa- 
tion. 

Effect of KNOj and KCN Solutions. 

Plasmolytie solution of KNO 3 arrests the ascent of sap. 
Poisonous solution of KCF also arrests the ascent of sap. The 
diiferenoe In the two cases is in their after-effects. The arrest 
of ascent by KhTOs solution is temporary, application of 
fresh water revives the ascent of sap. KCN solution, on the 
other hand, induces a permanent abolition of the ascent of sap 
which cannot be revived by application of fresh water. 

JExperiment S . — 'This difference is well illustrated by ex- 
periments carried out with the leaflet of Desmodium. The 
flrst two pulsations are uniform and normal. KNOg solution 
was then applied at the first arrow. This caused an arrest 


t f 

KNOj H,0 

Fig. S. 

Effect ol application of plasmolytie solution of KNOi at the first arrow. 
Application oi fresh water at the second arrow caused subsequent revival 
of pulsations 

of pulsation in the conrse of 10 minntes. The arrest was, how- 
ever, not permanent, since apphcation of fresh water at the 
second arrow caused a revival of pulsatory activity m the 
course of 27 minntes In sharp contrast with this is the effect 
of the poisonous KOR solution which caused a permanent 
ahohtion of pulsation ; apphcation of fresh water being unable 
to revive it. 
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Effect of Variation of Temperature. 

Experiment 6 — ^Aiter taking records of two normal pulsa- 
tions, water at 5°0. was applied at the cut end of the petiole. 
This caused an arrest after two more pulsations. Water at 
36°C. was next substituted for the ice-cold water. This result- 
ed in the revival of pulsatory activity. 



Fig. 6. 

Effect of temperature on the pulsatory activity of Desmodium, Application 
of water at S^C. caused an arrest. Pulsations revived by application of 
water at 36°C. 


It IS thus seen that the pulsations could be inhibited or 
activated by alternately lowering or raismg the temperature 
below or above certain thermometnc minimum. The ascont 
of sap is likewise found to become arrested or revived by varia- 
tion of temperature below or above a minimum temperature. 

Some of the important results estabbshed by investiga- 
tions on the automatic pulsations of Desmodium leaflet is that 
the activity is permanently ahohshed by the action of poison- 
ous solutions. Temporary arrest followed by revival are also 
produced by the alternate fall and rise of temperature 

The very definite results exhibiting the characteristics 
of pulsatory activity give clear indications of the mechanism 
of the ascent of sap The permanent abohtion of ascent of sap 
by the action of poison proves that the phenomenon is essen- 
tially due to the activity of hving cells The alternate arrest 
and renewal of the ascent of sap under temperature variation 
below and above tbe critical point, parallel to those m Des- 
modium leaflet, prove that a hvmg pumpmg mechauism is 
^gSential m the propulsion of sap. 



THE UNIVERSAL STAGE AND ITS USES. 

PART 1 . 

By Charles S. Pichamuthu 
{Assistant Professm’ of Geology, Central College ) 


Introduction. 

During tlie last academic year, the Department of Geology, 
Central College, added a Universal Stage to its collection of 
microscope accessories. This is an ingeniously devised instru- 
ment with four axes, of rotation, whereby with a single mineral 
section one could study such crystallographic properties as the 
planes and axes of the indicatnx, the optic axes, the planes 
of cleavage, twin planes and also sometimes the crystal faces 
It is rather strange that the universal stage methods have not 
found much favour with the Enghsh and American scientists 
and this explains the fact that practically no literature on this 
subject exists in Enghsh, all the available literature being either 
in French or German 

Deyelopment of Rotation Instruments. 

One of the first rotation apparatus used with a micro- 
scope was that invented by H. B. Leeson (1) in 1848 It had 
three movements, two of them horizontal and one vertical, 
whereby a crystal could be turned to any position in two planes 

The next advance was made by S Highley (2) Instead 
of the ordinary revolving stage, this instrument carried two 
concentric graduated rmgs, one of which had the usual move- 
ment m azimuth, while the other was pivoted and bad a 
movement m altitude. The advantage of usmg spherical 
segments was first pointed out by Adams (3) m 1875. 

In 1889, E. V Fedorow first announced in a meetmg of the 
Imperial Society of Mineralogy of St Petersburg, a mnversal 
stage which was very useful for gomometric work.' Two years 
later he suggested the construction of a universal stage on the 
same principle but designed lor optical studies of crystaUized 
minerals In 1893 he published his classical work describing 
the uses of the xmiversal stage in mineralogy and petrography 
(4, 6) The stage then had only two axes of rotation, In 
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1896 he published a few papers on the application of the 
universal stage methods in the study of felspars (12, 14, 15) in 
whicli he gave details of working with a stage with three axes of 
rotation. Some time after, in a senes of papei-s (19-21, 23, 
26-29), he described the various modifications both in the appara- 
tus as well as in his methods. In the improvement of the 
stage Fedorow was associated with Leiss (8, 9, 16, 18) and Klein 
(10, 17) who jointly made m the workshoji of Fuess the type 
of instrument such as is used at the present time. 

Fedorow's Universal Stage. 

The whole instrument is carried by a broad stage plate 
■with a wide central aperture which can be clamped to the stage 
of the microscope by means of two screws From this stage 
plate rise vertical brackets on which is supported the mam 
horizontal axis A large milled head operates the graduated 
vertical circle round this axis A scre'w at the opposite end 
serves to fix this circle in any position The outer horizontal 
circle of the stage can be moved by means of its milled peri- 
phery. Within this m gimbal manner a second ring is fixed 
which could be inchned to the right or to the loft and the angle 
of mclmation read on a small semicircular vernier. In many 
of the mstruments this inchnation is read on two graduated 
arcs placed to the right and left These are known as Wright’s 
arcs after the name of the person who first suggested their 
use Witlnn this inner circle and in its plane, there is a glass 
disc which can be rotated. This bears two cross-wires and 
this disc IS capable of being slightly raised or lowered by means 
of a screw arrangement On this the mineral to be exammed 
IS placed and over this is clamped by means of two screws, a 
metal holder containmg a glass segment of known refractive 
index A similar segment but of a bigger diameter is fitted 
beneath the glass plate In size the segments are as much 
less than perfect hemispheres as the thickness of the glass disc 
and the microshde, so that when they ai-e in position their 
outer contours form a perfect sphere the centre of which is 
foimd in the plane of the mineral section. 

To avoid total reflection durmg great mchnations, it is 
necessary to place between the two segments a mediimi with 
refractive index higher than air, e.y , glycerine or cedar wood 
oil. The refractive index of water-free glycerine is about 
1 469 and this when used with segments of refractive mdex 
1 70 first brmgs in total reflection durmg mchnations of about 
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60°. Since measurements made imder inclinations greater 
than about 50° are not quite accurate, glycerine mil suit all 
conditions Cedar wood oil when used with segments of re- 
fractive index 1.70 brings in total reflection only by a httle 
higher mchnation, t.e., for about 63°. Therefore it is of no 
practical use to employ immersion fluids of still higher refrac- 
tive index. 

The observation direction m the mineral coincides with 
the geometrical position only when the mineral and the seg- 
ments have similar refractive mdices. 

Axes of Rotation. 

An inspection of the instrument will show that there are 
four axes of rotation. These are in two pairs at right angles 
to each other and are capable of movement in space. A fifth 
axis which comcides with the observation direction is always 
fixed in space. All these five axes should intersect at a point 
which must he m the plane of the section. 

The arrangement of the five axes are as follows : — (Text 
Pig. 1) ; the axes Ai and Ao form the first pair which are at 
right angles to each other The graduated cu’cle belonging to 
Ai is the smallest In the plane of this circle hes the axis Ai. 
By movement round it, the position m space of Ai is changed. 

As and A 4 form the other pair winch are also at right 
angles to each other. These belong to the outer circle of the 
umversal stage. By movement round A 3 , the positions m space 
of Ai and Aa are changed. In the plane of the circle which 





Fig.l. 
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belongs to A3 lies the axis A4. By movement round it, the 
positions in space of Aj, As and A3 are changed. 

A5 is fixed m space and coincides with the observation 
direction. To it belongs the gradnated circle of the stage of 
the microscope. Movement round this axis changes the 
position m space of the axes Ai to A4. 

If these mdices are followed, it will be seen that movement 
round any axis will shift the positions of all the other axes 
which have a lower mdex Also, if Ai and A3 are placed parallel 
to Ac, then all the axes with mdices of uneven numbers are 
vertical and those with even numbers are horizontal. To Ai 
belongs the innermost and to As the outermost circle. Ai is 
always the direction of the normal to the section, and Ag the 
direction of the axis of the microscope 

The above notation for the axes has been suggested by 
M Berek. Since the notation usually found m books on the 
subject is that adopted by Fedorow and Nikitin, it may be 
useful to give here their corresponding eqmvalents. The axis 
Ai is designated by N, A2 by H, A3 by M, A4 by J and Ag by 
A. Accordmg to this notation, in the fundamental position 
of the universal stage, H and J are the horizontal axes and N, 
M and A, the vertical axes ; A is the fixed axis of the micro- 
scope tube and N the normal to the section 

Setting up and Centering. 

The setting up of the instrument and correct centering play 
a very important part m aU universal stage measurements, 
and if not heeded to errors are liable to be mtroduced in all 
subsequent work 

It IS always better and especially so when the positions 
of extmction have got to be accurately measured, to use arti- 
ficial illummation rathejr than diffused dayhght. For very 
accurate work, a filter may be used which allows only the 
orange and red rays to pass through, lor m this portion of the 
spectrum there is very httle dispersion 

Parallel light is used for ahnost aU observations and this 
makes it possible to work with lower power objectives and 
to cover a larger field. 

The microscope is first centred in the usual way. Then 
the umversal stage is placed on the stage of the microscope 
after removing the central detachable disc. This is done in 
order to enable the umversal stage to be rotated right round on 
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the ki axis. The universal stage is placed in such a position 
that the milled head operating the A4 axis is to the right of 
the observer Before fixing the stage firmly, advantage is taken 
of the shght play in the screw slots, to make the intersection 
point of the cross-wires of the ocular to coincide with the 
intersection point of the cross-wires of the innermost circle 
of the universal stage. 

The intersection pomt of the cross-wires of the universal 
stage is the point tlirough which all the axes of rotation pass, 
and so when the circles arc rotated round Ai or A3 axis, the 
intersection of the cross- wires of the ocular should coincide 
with that of the intersection of the cross-wires of the universal 
stage. This will not exactly he the case when the stage is 
inclined round A2 or A^ axis, because these axes usually pass 
a httle above the glass disc so as to be in the plane of the 
mineral section. 

Next, see wdiether the axis A4 coincides with the B-W 
cross-wire and the axis A2 with the hl-S cross-wire of the oonlar, 
and determine the fundamental positions of the axes Ag and Ai 
The procedure as given by W. Nikitin ( 38 ) or L Duparo ( 41 ) 
may be followed. 

To determine the true zero position of the axis Ae M Borek 
( 42 ) has suggested the following method • — ^Place the pointers 
of the circles A2 at zero, A3 at 90 ° and A4 at zero Eaise 
the tube of the microscope by means of the coarse adjustment 
so that a dust particle on the surface of the upper segment, 
is focussed. In order to see the dust particles better, it is 
advantageous to displace the mirror and get a dark field illumi- 
nation. The dnst particles then appear bright in a dark back- 
ground, Now inchne round A* and observe the movement 
of a dust particle in the neighbourhood of the vertical cross- 
wire. By a small inchnation round A2 a particle could be placed 
directly on the cross-wire and then the course of its move- 
ment in relation to the cross -wire can be bettor judged. Turn 
round Ag tiH the movement of the particle by mclunug the 
stage round A4, is strictly parallel to the vertical cross-wire. 
Thus the initial position of Ag can be found correct to O-l 

Tbe Principle Underlying the Universal Stage Methods. 

In order to make any direction m m a section to coincide 
with the direction of observation o, movement round the two 
axes Ai and A_, are enough. The section is first rotated 
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tlirough an angle 
ai°, round the axis 
Ai (Text Pig. 2), till 
m roaches the point 
n on the eq^uator, 
and then by an in- 
clination of a 2 ° round 
the axis A 2 , n will 
he exactly in the 
direction of ohserv- 
ation 0 

A similar procedure 
will also bring a 
plane of the ellipsoid 
to coincide with any 
plane of reference 
In Fig. 3, let iS be a 



[Aftai Duparc and Reinhard) 

mmeral section on which the hne T represents the trace of one 
of the planes of the elUpsoid. To make this plane of the ellip- 
soid comcide with the plane of reference B only two operations 
are necessary First of all a rotation of an angle af in the hori- 
zontal plane round the axis Ai when the trace T will he m 
the plane of reference B ; secondly, by inchnmg to the right 
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or to the left, as the ease may be, through an angle a\ round 
the axis A 2 , the plane of the ellipsoid will coincide with the 
plane of reference. If the reference plane is parallel to the 
prmcipal section of one of the nicols, then the mmeral will he 
extinguished In such a position if the section is rotated round 
the axis A 4 , which is perpendicular to the plane of reference 
and oriented B-W, there will he extinction in all the positions 
because will then he one of the axes of the eUipsoid. In 
the same way, it is possible to deterimne the co-ordinates of 
a cleavage plane or of a crystal face. 

Stereographic Nets. 

The co-ordinates thus obtained have got to he represent- 
ed on a stereographic projection. Bor this purpose the Fedo- 
row’s stereographic net may be used This oontams two 
superposed systems analogous to the geographical network ; 
a first system composed of a series of meridian and parallel 
circles at intervals of 6 °, projected on the equatorial plane, 
the mendian planes hemg represented by diameters of the 
primitive circle, and the parallels by a series of concentric small 
circles surrounding the centre of the projection ; and a second 
system formed by similar planes constructed in relation to 
one of the meridians taken as the axis of the co-ordinates ; the 
arcs of projection of the meridian planes are borne on the 
extremities of this axis which is one of the diameters of the fun- 
damental circle. The parallels form a series of arcs of circles of 
different curvatures which have their concavity away from the 
extremities of this axis, on which are situated then centres 
(generally outside the primitive cncle). The plane of the 
equator is projected as a diameter of the primitive cncle per- 
pendicular to the axis of projection. There are two such 
meridian projections, whose axes are perpendicular and m 
addition a third projection on the plane of the equator. 

The pmnitave circle is graduated both in a clockwise 
and anti-clockwise direction, the one or the other being used 
according as whether the plotting is made on a tracing 
paper with the projection plat as base, or whether it is 
made directly on the net. 

At present the most commonly nsed stereographic net is 
that devised by Wulff (26). This net gives the projections 
of great circles and of vertical small circles 2° apart. When 
' thbnet IS of the normal diameter of 20 cm. readings correct to 
can he made. To prevent crumpling it is best to paste 
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tlie net on a thick hoard. Over this a tracing paper may he 
laid Mark on the tracing paper the centre of the circle and 
a few arcs of the primitive circle so that the paper may he 
kept m place without shrftmg during the whole course of 
plottmg. Indicate the zero of the primitive hy a mark. 

The imtial position of the zero for rotations round Ai is 
placed as a rule to the south pole of the net. Begmning with 
this zero the graduations of the primitive circle proceed in 
a clockwise direction 

Bor a proper representation of the results obtained, it 
IS essential to note carefully the directions of rotation round 
the axes Ai, A 3 and A5. Ai may be rotated both in the clock- 
wise or anti-clockwise direction, but A 3 and A 5 are always 
rotated only in the anti -clockwise direction. 

The plane of the mineral section is alw'ays taken as the 
plane of the stereographic projection. 

Distinction between Isotropic and Anisotropic Minerals. 

By a proper inclination of the mirror of the microscope 
illummate the mmeral as brightly as possible. Incline the 
stage around the axis A 4 up to about 60° and see if the illu- 
mination persists. This precaution is necessary to avoid 
errors arismg out of the presence of air bubbles, which due to 
total mtei’nal reflections, cause darkness durmg mdmations. 

If this does not happen, cross the nicols and rotate the stage 
around A 5 for more than 90° m any direction. One of two 
things might then happen : 

(1) The field may be lighted and darkened alternately 
at mtervals of 90°. The mmeral is then anisotropic. 

(2) The field may become dark and remain so durmg a 
complete rotation round A 5 . In this case, inchne around A 4 
about 46° m any direction and rotate the stage around As 
Two cases are possible : 

(а) The field may be hglited and darkened alternately. 
The mmeral is anisotropic. The plane of the mineral section 
IS then perpendicular to an optic axis 

( б ) If the field remains dark throughout, incline A 4 
about 46° m the direction opposite to that m the previous 
case, and rotate the stage over a big angle around Ag. One 
of two cases may arise : 
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(ij If tlie field, is lighted and darkened alternately the 
mineral is anisotropic and biaxial. The original mineral 
section as well as the plane of the mineral in ( 6 ) are per- 
pendicular to the optic axes. 

(li) If the field remains dark throughout, the nimeral 
is isotropic. 

Distincfion between Uniaxial and Biaxial Minerals. 

Place the stage in its fundamental position and turn round 
Ai till the mineral is extinguished Then incline up to 60° 
roimd Ai in either direction and see if the darkness persists 
or IS destroyed 

With Ai again in its zero position, turn around Ai tiU 
the second iiosition of extinction is obtained. Incline around 
Ai as m the preceding case and observe if the extinction is 
preserved or destroyed Three cases are possible • 

( 1 ) neither of the two extinctions may persist during 
rotation round Ai. The mineral is then biaxial. 

( 2 ) One of the two extmctions may persist and the other 
destroyed In this case, examine first the extinction which 
persists as follows : Potato the stage 46° around A 5 m one 
or m the other direction from its original position The sec- 
tion will then be brightly hghted Unclamp Ai and mchnc 
between 60“ to 68 ° roimd this axis in each direction and notice 
the change in the interference colours. Three alternatives 
are possible • — 

(а) The section may reniam bright in all the positions. 

There is neither extinction m certain positions 
nor a marked lowering of the polarization tints 
dnrmg great mchnations. The nuneral is then 
biaxial and the axis which coincides with Ai, is 
X or Z but never Y. 

( б ) During the inchnation, two positions of extinction 

separated by a hghted mterval may he noticed. 
The mineral is then biaxial and the axis which 
comcides with At is Y. 

(0) During the mcbnation one position of extiuction 
may be noticed or at least a lowering of the inter- 
ference colours up to grey for great inchuations. 
By a rotation roimd A 3 , place the axis A 2 m its 
fundamental position ; similarly place Ai also 
in its fundamental position damp A3, and 
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by a rotation round Ai bring the section to its 
extinction position. Then mchne about 40° 
to 60° round A 2 in one or the other direction. 
By a rotation round Ag bring the section suc- 
cessively into the two positions of extinction. 
By inclining round . A 4 notice for which of the 
two positions of extinction the darkness persists 
or 18 destroyed The alternatives are as follows ; 

(i) Ueither of the two extinctions may persist The 
mineral is then biaxial. 

(n) One of the two extinctions may persist. The 
naineral is then imiaxial. 

(3) Both the extinctions persist By rotation round A 3 , 
place the axis Ag at 46° to A 4 . Clamp As and bring the 
mineral to the extinction position by rotating round Ai. 
Incline Ag about 40° to 60° and after clamping it in this 
position, rotate round A 3 tiU the mmeral is extinguished, and 
notice whether the extinction is preserved or destroyed during 
the mcUnation of A 4 m both directions. Two cases arise — 

(а) STeither of the two extinctions persists. The mineral 

is biaxial. 

( б ) One of the extinctions persists. The mmeral is uniaxial. 

If the section is isotropic, that is, if it remains uniformly 

extmgmshed between crossed nicols duxmg a complete rota- 
tion round As, then place A 4 in its fimdamental position and 
incline around Ag in both directions up to 60°, and observe 
whether the darkness is maintamed or destroyed Two cases 
are possible . 

(1) The darkness may be destroyed. The mmeral is 
then biaxial 

( 2 ) The darkness may be maintained or the mineral 
very shghtly illuminated. Turn the section round Ai about 45° 
to 90° from its position in the first observation, then meline 
steeply round A4. One of two things may happen : 

(a) The darkness may be destroyed. The mmeral 

is then biaxial. 

(b) The darkness may be maintained or very slightly 

destroyed. The mmeral is then uniaxial 

Determination of the Optic Anial Angle. 

(i) The first method suggested was by Bedorow ( 6 , 12 ). 
A summary of this procedure is given by Johannsen (37) In 
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this method the apparent emergence of an optic axis is located 
and the angle -which this makes to the normal to the section 
is fonnd. The true optic axial angle is then calculated from 
the formula, 

n sin V=sm E 

where n is the mean refractive index of the mineral, V the true 
angle and B the apparent angle which this axis makes m air 
with the normal. 

(li) Another method was given first hy Klein (11) in 1895 
and later hy Evans (30). This procedure is to be used for 
the determmation of the optic axial angle in mineral sections 
immersed m a fluid having a refractive index as nearly as 
possible equal to that of of the mineral. 

(ill) The method of determining the position of the optic 
axes by means of the “ optical curves ” was also suggested by 
Eedorow (12) This method is based on the Biot-Fresnel 
law (37, pp. 406-411). A good summary of this procedure is 
given by Tutton (40) The intersection point of the extinc- 
tion curves is the emergence of the optic axis. But these cur- 
ves due to various sources of errors, do not ordinarily mterseot 
in a point but form a polygon, the centre of which is taken as 
the true point of emergence Modifications of this method are 
given by Wright (24, 26). This method can be used only when 
both optic axes appear "within the field of vision. 

(iv) The follo-wing procedure may be followed for the 
direct determmation of the optic axial angle All the circles 
are placed m their mitial positions. A 3 and Ag are clamped. 
The section is rotated round Ai until the mmeral is extingmsh- 
ed. Then, if the stage is mclined round A 4 , the extinction 
will not always persist. Inchne round A 4 imtil the section is 
at its brightest and then incline round Ag m one or the other 
direction until the extmction position is reached. Then bring 
A 4 back to the ongmal position and if then the mineral is not 
completely extingmshed, it can be corrected by a small rota- 
tion round Ai. Incline agam round A 4 and get the maximum 
extinction by inclining round Aa. Eepeat this until finally 
a position is reached when for all mchnations round A 4 the 
extmction persists. 

Determine first the plane of the ellipsoid which has the 
smaller inclination towards the normal to the section , m order 
to do this try the characters of both the extinction positions and 
start from that which has the smaUer inclination to the normal 
td lAie Section, 
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In order to determine accurately the position of a plane 
of the ellipsoid, it is very necessary to work with a small aper- 
ture Sometimes even this is not enough and a condenser 
will have to he used. 

After determining the position of the plane, find out the 
character of the axis of the ellipsoid which is normal to this 
plane This axis now lies parallel to A4. To determine its 
character rotate As about 46 " from its initial position so that 
A4 comes to the diagonal position. Then mcMne round A4 
m both directions and observe whether the section is extm- 
guished m any position. In this case also work with a small 
aperture The section will be extingmshed when an optic 
axis passes through the field of vision. If this happens, that 
plane of the ellipsoid is the optic axial plane and the axis per- 
pendicular to it IS the optic normal Y. If the optic axes do 
not appear, the optic axial plane may sometimes be distinguish- 
ed by its mterference colours appearing brighter on one or both 
sides during great mchnations round A4. If none of these 
signs appear, the character of the axis is to be determined by 
using the gypsum plate or the quartz wedge. Durmg this 
operation the pointer of A4 must be placed at zero. 

The required data for the planq of the ellipsoid are the 
following • — 

(1) The angle a? on the graduated circle belonging 
to the axis Ai. 

(li) The angle indicating the inchnation of the 
circle belongmg to the axis Aj. It is necessary 
to note whether the cu'cle is inchned to the right 
or to the left , to signify this the letters r or I 
may be placed after the readings. 

(m) The character of the axis of the ehipsoid which 
hes parallel to A4 

(iv) The angle on the circle belonging to the axis 
A4, at which an optic axis lies in the direction 
of observation. 

On aU graduated circles it is enough to take readings 
correct to half a degree. If a2 is greater than 36 |°, then it is 
certain that the plane with the smaller mchnation to the normal 
to the section has not been found 

The degree of accuracy in determimng the various data 
varies much. With a httle care errors ought not to arise in the 
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determination of the character of the axes of the ellipsoid , 
hut the data for the co-ordinates of the planes of the elhpsoid 
are usually beset with errors of Tarying degree. The errors 
in the determination of the co-ordinates are as a rule greater 
than those connected with the co-ordinates aj. The results 
also are less accurate in proportion to the retardation being 
smaller. It is therefore advantageous in cases of weak bire- 
fringence to use thick; sections whenever possible The data 
are also somewhat inaccurate when the inclination of the plane 
to the normal to the section is great Finally the co-ordinates 
of a plane which contains no optic axes ordinarily possess a 
higher degree of accuracy than the co-ordinates of the optic 
axial plane. 

It IS necessary to take a senes of measurements and by 
getting the average of these readings, the co-ordinates are a 
little more rehable. But it must he recognized that an average 
value need not necessarily be qmte an accurate estimate of the 
co-ordmates. 

FhlUng the Oo-ordinates . — ^Place the zero of the tracing 
paper at a° of the primitive circle of the WuW’s net (Text 
Pig 4) and then cotmt from the centre of the projection along 
the equator a%, to the left if the second co-ordinate is all and 
to the right if it is a^r. Through that point and connecting 
the hr and S poles, draw a meridian circle This represents 
the plane of the ellipsoid 90° from this plane and on the 
equator, mark the pole of this plane. This represents the axis 
normal to the plane. 

If in the optic axial plane, one or both optic axes are 
found, then mark also the co-ordinates a 4 along the meridian 
circle which represents the plane. Take the intersection point 
with the equator as zero for plottmg below the equator and as 
360° for plotting above the equator 

Correction for Refraction , — ^If the difference in the refrac- 
tive index between mineral aaid segment is great, then aU 
co-ordinates obtained by inclinations, t.e., the co-ordinates 
aj and al wiU have to be suitably corrected If the difference 
is not great, e g., if segments of refractive index of 1-54 or 1-55 
are used in the identification of the felspars, no correction 
for refraction need he made. Charts have been prepared 
to facilitate making these corrections. One such, after 
Pednrow, is given by Johannsen who has also described the 
method of using it, A very good chart is appended to Berek’s 
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Fig. 4, 


“ Mikroskopisolie SIinerallDestiinmung mit Hilfe der Umvei- 
saldrehtisclimetlioden”. 

Determination of a Second Plane of the Ellipsoid . — ^Place 
the Tarious circles of the stage again in their original positions 
and deternune the co-ordinates of the second plane in the same 
way as was done for the first plane. Fmd the character of the 
axis which is at right angles to this plane. AH the determiaed 
data mnst then he entered on the stereographic projection. 
To do this turn the tracing paper on the Wulfl’s net so that 
the first plane has its mtersection points on the primitive dis- 
posed E and W. The plane can thus be placed either above 
or below the equator. The second plane must always pass 
through the previously determmed axis of the ellipsoid and 
must also be at right angles to the first plane. The intersection 
point of both the deternuned planes gives the position of the 
third axis p{ the ellipsoid, • - 

§ ? 
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The third plane is as a rule mchned very much from the 
normal to the section and so its direct ^determination with the 
universal stage is of no value because of the magnitude of the 
errors of measurement 

Use of the Data — ^If b^th the optic axes are not found m 
the plane of the optic ax^, then the axis which is situated at 
the intersection of the plAnc of the ellipsoid is the obtuse bisec- 
trix. The optical sign of the mineral may be determined. 

If at least one optic axis is present, then the angle which 
this makes with the nearest axis of the elhpsoid is hall the 
optic axial angle Therefore in such cases 2V and the optical 
sigh can both be found. 

I If both the optic axes are present, .then the value of 2V is 
directly obtained The optical sign is easily determmed. 

I The mineral is uniaxial if in the stereographic projection 
one ’of the determined optic axes coincides with an axis of the 
eUipspid. 

Examples. 

The followmg examples illustrate the procedure to be 
followed for the determmation of the planes of the eUipsoid 
as well as for the calculation of the true optic axial angle. By 
finding the character of the axis parallel to the A 4 axis, the 
optical sign of the mineral can in each case be known. The 
readmgs are entered in the tabular form suggested by M Berek 


1. Dlagioclase — Segments of refractive index 1‘664 were 
used and so no correction for refraction is necessary. 



I Plane 

II Plane 

■ITo. 

-1' 

a. 

1 |A* 



l|A, 


^4* 

■ 1 

126 

7 1 

X 

2184 

19 1 

Y 

32 

40 

313 

30 

2 

126J 

m 


216 

2141 



16 

313 

26 

3 

1274 



218 

1841 


31 

20 

312 

26 ' 

4 

1264 

6 1 


2164 

18 f 


32 

30 

314 

'0 

6 

126 

w 


218 

1941 


32 

40 

312 

56 

6 

1274 

7 1 


2164 

1 641 


33 

0 

313 

26 

7 

1284 

641 

, 

2164 

14 1 


31 

35 

311 

30 

8 ■ 

127 

741 


2174 

18 1 


32 

40 

313 

10 

0 

128 

8 1 


218 

18 1 


32 

0 

312 

20 

10 

1274 

6 1 ^ 


217 

1941 


31 

30 

31,3 

0 

M... 

127J 



217 

IBJl 


32 

19 

312 

68 
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Tlie two axes of the ellipsoid are found to be X and Y. 
Therefore, the third axis which is in this case the acute 
bisectrix is Z. The optical sign of the mineral is thus positive. 
The angle between 04' and 04" is the true optic axial angle. 
2V=32'’19'+(360°0'— 312“68') 

=±: 79 ° 21 ' 

This angle corresponds to a Labradorite of composition 
Abss An47 

The following stereographic projection embodies all the 
data obtamed : 



Fig. S. 
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2. Aragonite . — Segments ef refraetive index 1’649 were 
used. 


No. 

I Plane 

II Plano 



l|A, 

a. 


II A, 

Or/ 

a/ 


119 

1 1 

2 

2084 

4 r 

Y 

9 0 

349 40 

2 

1194- 

¥ 


2104 

Hr 


8 SO 

350 0 

3 

iisj 

3 1 


2094 

Hr 


8 40 

360 30 

4 

118 

m 


209 

5 r 


8 66 

349 46 

6 

120 

HI 


210 

04»- 


9 6 

350 40 

6 

1184 

1 1 


209 

6 r 


8 60 

360 6 

7 

119 

ii 


209J 

7 r 


8 60 

349 66 

8 

120 

m 


209 

kr 


9 10 

360 46 

9 

1194 

HI 


2084 

0 r 


8 40 

360 40 

10 

118 

2 1 


2094 

5 r 


9 0 

360 10 

Moan 

119 

w 


2094 

6ir 


8 62 

350 13 


The acute bisectrix in this case is X and therefore the 
mineral is negatiye. 

2V=8°62' + (360°0'— 350°13') 

= 18 '’ 39 ' 


1. H. B\ Leeson 


2, B. Highley 


3, Adams 

4. B. V Bedoxow 

6, Do. 
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TIME AND ETERNITY. 

Bt M. a. Venkata Rao. 
(Department of PMlosopliy^ Umversitij of Mysore ) 


Thanks to Bergson and Einstein, Tune has become the 
central problem of philosophy. Inniunerable discussions are 
taking place aU the world over, and day by day fresh aspects 
of the problem are being worked out — biological, psycho- 
logical, and physico-mathematical The old antinomies of 
Zeno and Kant are given a fresh lease. The philosophical 
consequences of the principle of relativity are being drawn 
from all possible points of view. The richness and variety 
of contemporary thought is boimd some day to lead to a new 
synthesis, more comprehensive than any earlier world-view. 
But it is clear that at the present time it is difficult to see 
the wood for the trees. If Bergson is the philosopher of 
evolution, we are waiting for a metaphysician to gather up the 
results of recent physical discoveries and present a picture 
of reality, indicatmg the true place of time therein. 

The central problem is presented by the antithesis of 
Time as felt and Time as thought Perceptual time is agreed 
to be a contmuous whole, whereas copceptual time is more 
or less agreed to be mathematical, discrete and mflmtely 
divisible in character. Time as perceived has a felt duration, 
a contmuous becoming, not a mere succession of discrete 
moments “If I raise my hand from A to B, this movement 
appears to me imder two aspects at once. Felt from withm, 
it is a simple indivisible act; perceived from without, it is 
the course of a certain curve, AB. In this curve I can 
distmgmsh as many positions as I please, and the hue itself 
might be defined as a certain mutual co-ordmation of these 
positions.” (Bergson, CreaUve JSwlution, p 96, 1914.) We 
cannot give up either view. Mathematical logic cannot con- 
vince us that our perception of change is discrete, that our 
felt duration is an illusion engendered by qmck succession 
of momentary states. For, experience of succession cannot 
be derived from pure succession. Eor can we think of external 
reality as inflmtely divisible, as a senes of events succeedmg 
each other, with no contmuous ground underlying it. The 
‘ground’ need not be the mysterious ‘substance’ of matter, 
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\^lucli liaa done so much of mischief m science and philosophy 
from Descartes to the present day Confronted by this 
problem, philosophy has so far taken the nsnal methods of 
suppressing one or other of those two aspects of the problem 
In Idealism, the importance of time was not sufficiently stressed, 
as it was regarded as appearance, a form of manifestation. 
And no serious attempt was made to work out the view m 
aU its detail, and render it intelligible Bo it convinced only 
the converted In the eyes of its critics, this doctrine of 
appearance was identified with illusion, pure and simple 
Hence the exhortation to take Time seriously The first 
to take Time seriously was Bergson He dismissed conceptual 
time as empty, spurious and ‘spatial’ , and upheld perceptual 
time as the only concrete reahty. Time becomes the very 
stuff of reality It is identified with change and duration 
Eeahty is change. There is nothing static. Everything 
is a flow The Umverse is a creative evolution. Infimte 
divisibility and discreteness is dismissed as an illusion manu- 
factured liy the intellect, moulded m close contact with the 
least dynamic aspect of nature, namely, matenahiy. The 
puzzles of Zeno are solved But the logical atomist, the 
protagomst of conceptual time, is not satisfied B Eussell 
has a great suspicion of this easy solution. Eor him, analysis 
IS the road to reahty, and the world can he analysed into a 
number of series of discrete moments The mind is a succes- 
sion of sensations and images, and the world a succession of 
appearances 

Thus present-day discussions of Time display opposite 
abstractions. One school of thought stresses duration to the 
exclusion of aU distinctness, of all complexity. Change is 
regarded as one and mdivisihle, with no distmgmshahle parts 
or aspects. This view is represented by Bergson, who is the 
modern Heraclitus. Another school of thought stresses the 
succession of states, and regards time as consisting of an 
infimte number of static and momentary existences. This 
view sees nothmg contradictory m regarding change as con- 
sistmg of changeless units, particularly reinforced by George 
Cantor’s mathematical theory of inflmty. It is represented 
by Bertrand Eussell, who is the modern Democritus. Both 
these opposmg views are the result of abstract aud one-sided 
"interpretation of the facts of experience. Bergson takes his 
■ stand on the perceptual and immediate experience of time, 
emphasizes the mdmsibihty and ultimate primacy of ‘dura- 
tion’. Eussell takes his stand on the sncoession of states 
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revealed by analysis in our experience of change. The report 
of immediacy is final for Bergson, -whereas analysis is the 
path --way to reality for BusseU As usual, extremes meet, 
and both views commit the same fallacy — that of denying 
umty. Bergson seems dismchned to admit a umtary groimd 
or essence, reveahng itself m duration and speaks of ‘pure 
duration’ And Eussell iS equally emphatic m denying con- 
tmuity of essence between the succeedmg states He reduces 
perceptual continmty to mere appearance due to physiological 
and psychological conditions As usual, the truth consists 
m the synthesis of opposites. Beahty is both duration and 
succession. If we mterpret time as the aspect of succession 
we have to supplement it with the aspect of endmung groimd 
or essence, to render it adequate to reahty in its fulhess This 
aspect IS that of etermty Beahty displays both the aspects 
of time and eternity. This view renders Bergson’s duration 
concrete as the creative self-expression of reahty. It renders 
BusseU’s atomicity mtelhgible as referring to the successive 
phases of its growth 


TIME AS DISCRETE. 

Bertrand Bussell develops his -view of time m Our Knoiy- 
ledge of the External World He outlines a special method 
of ‘ construction’ by means of which he bridges the gulf between 
the world of common sense and the world of physics, between 
the world of things in continuous space and time and the 
world of electrons m mathematical space and time Appl3ring 
Cantor’s theory of mfimty to time, he tells us that it is a 
possible and necessary construction from sense-data. From 
the contmuity of sense-data, we are led by analysis inevitably 
to a compact series of an infimte number of timeless units. 
(He refers to this problem in the Analysis of Matter, but only 
to reiterate the -views of Our Knowledge of the External World ) 
Begarding the usual arguments for umty and indmsibibty 
of change based on perceptual experience, his answer takes 
three forms : — 

1. Physiological. 

2 Psychological 

3. Logical. 

The physiological and psychological considerations are 
urged by Bussell to prove that contmmty of experience need 
not imply continuity of the objects of experiences, nor even 
continmty of sense-data. Snapshots may produce the illusion 
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of change. The logical consideration is intended to prove 
that it 13 necessary to distinguish instantaneous states of 
objects and to regard them as forming a ‘compact senes’. 

1. Physiological Proof of Discreteness. 

“When any nerve is stimulated, so as to cause a sensa- 
tion, the sensation does not cease mstantaneously with the 
cessation of the stimulus, but dies away in a short finite time. 
A flash of hghtnmg, brief as it is to our sight, is briefer still 
as a physical phenomenon : we contmue to see it for a few 
moments after the light waves have ceased to strike the eye. 
Thus in the case of a physical motion, if it is sufficiently swift, 
we shall actually at one instant see the moving body through- 
out a fimte portion of its course, and not only at the exact 
spot where it is at that instant. Sensations, however, as 
they die away grow gradually fainter ; thus the sensatioh 
due to a stimulus, which is recently past, is not exactly like 
the sensation due to a present stimulus. It follows from this, 
that when we see a rapid motion, we shall not only see a number 
of positions of the moving body simultaneously, but we shall 
86(6 them with different degrees of intensity, the present posi- 
tion most vividly, and the others with dnmmshing vividness, 
until sensation fades away into immediate memory. This 
state of thmgs accounts fully for the perception of motion, 
A motion is feroeived, not merely %nf erred, when it is suffi- 
ciently swift for many positions to be sensible at one time ; 
and the earlier and later parts of one perceived motion are 
distmgmshed by the less and greater vividness of the sensa- 
tions.” (IJ.Tf., 139-40.) 

Discrete stimuh may, therefore, produce continuous 
sensation Sensations have duration ; if stimuli occur faster 
than the duration of sensations, sensations fuse into each 
other and produce the perception of motion. This view 
assumes the discreteness of the world, and is not final, as 
Bussell admits (E.W., 140.) It only shows that the experi- 
ence of change does not preclude on atomic view of the world! 
It does not show it to be necessary Even on its own ground, 
it doesn’t represent the whole truth. (1) “In order that 
the pictures may be animated, there must be movement 
somewhere. The movement does indeed, exist here ; it is 
in the apparatus. It is because the filrp ; of , the cmematograph 
unfolls, brmging in turn the different photographs of th® 
BoSne'to continue each other, that each actor of the itens 
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recovers his mobUity ; he stnngs all his successive attitudes 
on the invisible movement of the film ’* (Bergson, Curative 
Evolution, p. 322.) (2) Again perception of motion or 
continuous change imphes a close similarity between the 
stimuli ; if hghtnmg is to be experienced as a continuous flash, 
all its states must have the same general character. We do not 
perceive a continmty between lightning and the ram though 
they may occur simultaneously. (3) Further, the diflerent 
staccato strokes of stimuli must occur in some pattern or order, 
if our sensations of them are to fuse into one Such pattern 
or order impbes a unitary source m the nature of the stimuli — ■ 
lightning imphes electric charge ; melody is governed by unity 
of mood m the musician and so on But it must be admitted 
that perceptual experience of continmty is but a slender basis 
for metaphysical identity It can only point to continuity 
in the experiencing subject , it does not prove it in the experi- 
enced objects. It pomts to the need of the synthetic unity 
of Apperception. The subject must hold together the succes- 
sive phases of the object and grasp it as a unity, if there is 
to be experience of change. But Russell would not admit 
even this need. He would hold that sensations and images 
with certain ‘mnemic phenomena’ are sufficient to account 
for all activities of the subject. But it is enough to point 
out that RusseU’s physiological answer fails to show that 
stimuli may be discrete, since there must be movement some- 
where if they are to produce the illusion of indivisible change. 
And Bergson’s argument doesn’t rest merely on perceptual 
experience of change. 

2. The Psychological Proof. 

This hue of thought is the central mterest of Russell. 
He attempts to bridge the gulf between sense-data and physics. 
If it is possible to regard the particles, points and mstants 
of physios as constructions from sense-data, there will be a 
contmuous passage from the realities of common sense, sun 
and moon and stars, etc , to the realities of physics, of electrons 
and protons. And whatever differences there may be between 
sense-data and electrons are only appearances due to the 
character and limitations of the sense organs, and nervous 
system through which we perceive reality. If sense-data 
present us with contmuous change, it may only be appearance,; 
the real may be a ‘compact series’ of sense-data, of which 
we perceive only certain intervening stages withm certain 
limits imposed by the conditions of our organism, In Analysis 
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of Matter, Bussell essays this task of showing how physics 
can he constructed from sense-data. He develops a meta- 
physic of ‘neutral stuff’ from winch both, sense-data and 
electrons are constructions. 

With regard to the argument for contmmty of existence 
from sensory contmmty, Russell points out an old but con- 
clusive reason emphasized by Pomcard for believing that 
sense-data may be, and must sometimes be, really different 
When we cannot perceive any difference between them “In 
all cases of sense-data capable of gradual change, we may 
find one sense-datum indistinguishable from another, and 
that other indistingmshable from a third, while yet the first 
and the third are quite easily distmguishable ” (JS.W., 141.) 
Russell gives the examples of intermediate additions of weight 
or shades of colour bemg indistmguishable as showing the 
possibihty of unperceived sense-data. There may he difference, 
therefore, when identity is perceived “Such considerations 
as the above show that, although wo cannot distingmsh sense- 
data, unless they differ by more than a certam amount, it 
is perfectly reasonable to suppose that sense-data of a given 
kind, such as weights or colours really form a ‘compact series’.” 
iE,W., 142.) 

This is heroic m its logic and worthy of Russell. But 
surely a sensation that is not sensed is a contradiction in terms 
We are not obliged to postulate it at all We have a sensa- 
tion only when we have it. If we do not perceive the inter- 
mediate additions of weight or changes of colour, we need 
not postulate “little perceptions”. The stminh must attain 
a certain magmtude and pattern, if they are to be accessible 
to consciousness. The mtermediate stimuU are only physical 
stimuli, and the mind becomes aware of them only when they 
pass a certain threshold or limit We can see and hear 
light and sound waves of only a certam length or amplitude. 
In this argument, Russell seems to have forgotten the distinc- 
tion between sensation and sense-data, which he himself makes. 
“The view that sense-data are mental is derived, no doubt, 
in part from therr physiological subjectivity, but in part also 
from a failure to distingnisb between sense-data and ‘sensa- 
tions’.” By a sensation I mean the fact consisting m th6 
subjects’ awareness of the sense-datum. Thus a sensation 
IS a complex of which the subject is a constituent and which 
therefore is mental The sense-datum, on the other hand, 
stands over agamst the subject -as that external object of 
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wLici. in sensation the sub 3 ect is a-waie.” {Mysticism and 
Logic, p. 152 ) He holds that sense-data are physical, and 
that sensation is psychological consisting ot our awareness 
of sense-data If sense-data are physical, this psychological 
argument adds 'nothing to the earlier physiological one of 
discrete stiimih prodncing continuity of sensation. If they 
are psychological, and consist of sensations, there is a perceived 
gulf between the earher and the later sensations of weight or 
colour, and hence they cannot constitute a ‘ compact series’. 

Eussell urges the same conclusion by a mathematical 
interpretation of perceived motion He says that these is 
nothing m perceived motion which precludes us from regard- 
ing it as a ‘compact series’ He says that the mathematical 
interpretation is possible, and is consonant with facts We 
may admit that it is possible within the Limits of an assumption 
of homogeneous quantity, ezcludmg qiiahtative distmction 
but we are constrained to point out that it is not consonant 
with the facts m their mtegrity “Let us consider a body 
which IS moving swiftly enough for its motion to be perceptible, 
and long enough for its motion to be not wholly comprised 
in one sensation Then, m spite of the fact that we see a 
finite extent of the motion at one instant, the extent which 
we see at one instant is different from that which we see at 
another Thus we are brought back after all to a series of 
momentary views of the moving body, and this senes will 
be compact, like the former physical series of points ” 
(E.W., 141 ) (1) The difference is not absolute ; there is 
no complete break between our perception of one momentary 
state and of another. On the other hand, the difference is 
perceived as in the same moving body The different extents 
are perceived as parts or phases of the same whole, the extent 
of one is perceived as mergmg mto the extent of the other. 
Otherwise there would be different perceptions of different 
extents There would be absolutely no ground for saying 
that they belonged to the extents of the same movmg body. 
The very idea of a single moving body would not have arisen. 
If it be said that this mergmg of sensations mto each other 
13 no proof of contmmty, we are back again at Russell’s physio- 
logical argument of discrete stimuli causing contmuous sensa- 
tion, and the novelty of this mathematical proof disappears. 
If Russell sticks to the mathematical interpretation, he can- 
not account for our experience of motion. (2) In tins passage, 
he says that “we see a fimte extent of the motion at one 
instant.” We may ask whether this finite extent iierceived 
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at one instant exhibits change, a pattern of before and after « 
If it does not, bow can a succession of static states produce 
an experience of continuous change ? If Eussell fails back 
upon the physiological consideration of persistence of sensa- 
tions and discreteness of stimuli, the psychological argument 
disappears. In fact, this argument is neither physical nor 
psychological but mathematical. Only if we grant the 
mathemaiacal assmnption, can sense-data be regarded as 
‘compact’. (3) Further, Eussell speaks m this argument 
of seeing ‘an extent of motion at one instant’. Does he here 
mean what he says Is this instant to be taken m his strict 
mathematical sense of the dimensionless unit of the cantorian 
series ? Surely in such an instant, no conscious perception 
can take place Btnctly, EusseU is committed to view an 
act of perception enduring through a moment of perceived 
time as consistmg of an tnfimte number of little acts of perception 
taking place in an mfimte number of pure instants. Indeed, 
Bussell draws the imphcation himself which leads to his view 
of sense-data as forming a compact senes, (considered above) 
the last absurdity of viewing sensation as consisting of little 
imsensed sensations. 

3. The Logical Proof. 

The logical answer of Bussell in favour of discreteness 
is particularly sketchy and offhand He supposes that the 
Borgsoman and other views that motion is indivisible and is 
not vahdly analysable into a senes of states, to be part of the 
doctrine that analysis always falsifies, because the parts of 
a complex whole are different as combined in that whole 
from what they would otherwise be. He traces this doctrine 
to the theory of the internahty of relations and reduces it 
to absurdity by summarizmg it in this way. 

‘There can never he two facts concerning the same thing.’ 
“The doctrine would require that a man who is a father can- 
not he strictly identical with a man who is a son, because he 
is modified in one way hy the relation of fatherhood, and 
in another by that of sonship ” (H.W.) 

hTow, it is not necessary to suppose that analysis always 
falsifies Vith Bergson. Analysis works upon the felt unity 
of a whole, and never leaves touch with it, It is only emphasis 
of features, not separation of elements, and emphasis upon 
haokground. It is only one side of the thought-process, 
oth^r side, the synthetic, maintains contact with the 
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felt ground , that is why it is possible to regather the threads 
of analysis into the unitary design displayed in the object 

Again, the theory of internal relations does not imply 
that “There can never be two facts concerning the same 
thing” It leaves ample room for all differences The man 
who IS a father is strictly identical with the man who is a son, 
by virtue of his manhood and human individuality But 
in his relationship as a father he displays modificatious whicli 
are different from the modifications he displays in his relation- 
ship as son His difference as father and son rests upon his 
essential nature Just as it is open to Russell to postulate 
multijile relations, it is open to others to postulate ‘essential 
natures,’ systems of quality and relation, complex in nature, 
such that they exhibit different modifications m different 
relationships The internahty of relations neither dissolves 
the terms, nor necessitates their absolute simplicity 

On such hasty grounds, Russell rejects Bergsonian and 
other objections and asserts the possibility of change as 
succession of states (E.W , 161 ) His proof consists of a 
supposed logical necessity If he had said necessity for 
a particular theory of mathematics, it would have been 
plausible 

“There cannot be change, — and motion is only a 
particular ca.se of change — unless there is something different 
at one time from what there is at some other time Change 
therefore, must involve relations and complexity, and must 
demand analysis So long as our analysis has only gone 
as far as other smaller changes it is not complete , if it is 
to be complete, it must end with terms that are not changes, 
but are related by a relation of earlier and later In the case 
of changes which appear contmuous, such as motions, it seems 
to be impossible to find other than change so long as we deal 
with fimte periods of time, however short We arc thus 
driven back, by the logical necessities of the case, to the 
conception of msta.nt8 without duration, or at any rate with- 
out any duration which even the most dehcate mstruments 
can reveal ” {E.W , 151 ) 

This IS a remarkably self-revealmg passage It reveals 
Russell’s attitude in all its naivetd It reveals two dogmas 

1 Change consists of succession of states 

2 These umts of change are durationless 
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With reg'ard to the first assumption, it is necessary to 
point out that succession of distinct states is not the whole 
story As Dr Whitehead puts it, '‘Time is known to us as 
the succession of our acts of experience, and thence derivatively 
as the succession of events objectively perceived in those 
acts. But this succession is not pure succession it is the 
derivation of state from state, with the later state exhibiting 
conformity to the antecedent Time m the concrete is the 
conformation of state to state, the later to the earher , and 
the pure succession is an abstraction from the irreversible 
relationship of settled past to derivative present.” 
(Symbolism, p. 41 ) The successive states are only phases 
of a passage or event There is contmmty of essence or 
character throughout the phases Bussell is led to emphasize 
the atomic side of reality, partly on account of temperament 
and partly on account of a fear of ‘substance’ But to 
admit continuity of essence or nature is not to admit mert 
substance. This fear of the Cartesian substance haunts 
Bergson also, and loads him perdously near denying continuity 
together with atomic states. But he brings out the aspect 
neglected by Eusaell in his accounts of real or concrete dura- 
tion “For our duration is not merely one instant replacing 
another . if it were, there would never be anythmg but present 
— no prolonging of the past into the actual, no evolution, 
no concrete duration ” (Creative Evolution, p. 6 ) “Dura- 
tion is the continuous progress of the past which gnaws into 
the future and swells as it 'advances ” Thus, though there 
IS no stnng connectmg the beads, because the phases are not 
distinct beads, there is a living unity of past and present, a 
community of nature between them, which accounts for the 
conformation of the later to the earlier of which Whitehead 
speaks, and of the gnawing into the future of which Bergson 
speaks. There can be no ‘conformation’ and no ‘gnawing’ 
or ‘swellmg’, if there is no umtary nature passing through 
phases. Both unity and midtiplicity are integral elements 
of change, as of aU experience 

In this passage, Bussell speaks of the logical necessity 
of pushmg analysis to the point of durationless instants foi 
the sake of ‘completeness’ “So long as our analysis has 
only gone as far as other smaller changes, it is not complete ; 
if it IS to be complete, it must end with terms that are not 
ohanges, but are related by a relation of earher and later ” 
It is natural to, ask 
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1 Why should it he complete ’ 

2. What IS meant hy terms “that are nob changes, 
hot are related by a relation of earlier and later 

1. Why should analysis be complete* What is meant 
by completion * EusseU seems to be more interested m 
corapletmg the analysis than m the thing analysed. If 
change is not analysable beyond a point, surely the lesson 
IS that further analysis hangs in the air, and operates on 
nothing. The hint is given to stop analysis, and accept what 
IS left aS the last analysable If EusseU goes further and 
changes the character of motion into an mfiuity of motionless 
umts, it 13 in obedience not to the nature of the matter 
analysed, biit to the mathematical theory of inflmty. The 
necessity is not logical but mathematical This distinction 
between logical and mathematical necessity, of course, does 
not appeal to EusseU, because for him the two are the same, 
but that IS another story. 

2 , EusseU IS undismayed by the results of his analysis 
“terms that are not changes, but are related by a relation of 
earlier and later.” This is to omit content and retain struc- 
ture. It IS a heroic contradiction, an antmomy ' How can 
terms, that are not changes, have a relation of earUer and later? 
Must we not push analysis further and sunder the ‘earlier ’ 
from the ‘later’? What then is left* EusseU takes the 
mathematical theory of inflmty as a Uteral description of 
Eeality and is landed in this antmomy He considers the 
antmomies of Kant and the puzzles of Zeno, and solves them 
by means of the magic of Cantor’s theory of inflmty 

But it IS open to question whether that theory itself is 
free from contradictions if taken as a complete account of 
reahty, and not as a pure mathematical principle of use in 
the development of mathematics The lesson of Kant’s anti- 
nomies and Zeno’s puzzles is that Time as succession of distinct 
states IS not an adequate category for the description of the 
Eeal. 

If points and instants have magnitude, a finite space and 
time cannot contain infinite points and instants. 

If points and instants have no magmtude, a finite space 
and time can contam an infinity of them, but they become 
logical fictions, and are inapphcable to reality. 

Further, pomts and instants are hypothetical construc- 
tions of pure space and pure time. But if space and time 

7 P 
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are only abstractions from the Beal, i e., events, these hypo- 
thetical entities also share their abstract character. If the 
unit of reabty is an event particle, points and , instants are 
meaningless by themselvep. 

“Time IS known to me as an abstraction from the passage 
of events. The fundamental fact which renders this abstrac- 
tion possible IS the passing of nature, its development, its 
creative advance , and combmcd with this fact is another 
characteristic of nature, namely, the extensive relation between 
events. These two facts, namely, the passage of events and 
the extension of events over each other, are m my opimon 
the qualities from which Time and Space originate as abstrac- 
tions.” (Dr. Whitehead, Concept of Nature, p 34.) 

It 13 possible to think of pure space and time as infimtely 
divisible, for they are pure homogeneous emptinesses with no 
content whatsoever. 

The difficulty of admitting infinite divisibibty, or an 
mfimte number of points and instants in the Beal, lies in the 
fact that it compels us to regard it as consistmg of momentary, 
perishing states, with no bond of unity between them “In 
short, the world the mathematician deals with is a world that 
dies and is reborn at every instant, — the world which Descartes 
was thmlcing of when he spoke of contmued creation ” 
(Bergson, C E., pp 23-4.) The bond of mathematical con- 
tmuity of pomts and instants does not really bind, for it con- 
sists of logical fictions — discrete, spaceless and timeless units. 
Bergson’s argument of the impossibibty of accounting for 
motion from juxtaposition of immobihties is not really answered 
by Bussell. Bergson’s argument doesn’t rest merely upon 
the nature of perceived tune, but on the metaphysical or 
logical prmoiple that discreteness is not fundamental, but 
requires a unifymg character. Duration is one and indivisible 
means that each block of duration displays a contmuity of 
content throughout That is why Bergson speaks of the 
past rolling itself into the present, and the present gnawing 
into the future. 

Bussell adnuts that an infinity of pomts and instants 
m flmte space and tune is neither scientifically nor logically 
necessary, but only possible. Yet he nowhere analyses the 
relation between possibibty and actuality. Is mere possibility 
possible i Does not possibility require a system of actuality 
for its ground ? Possibility must be shown to be grounded 
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m the Eeal, before it can be accepted as a live possibility, 
as a correct aocoimt of things. 

By temperament and training Eussell is an atomist. 
He wields the instrument of analysis wherever he can and 
finds an infinity of ultimate elements everywhere, AH appear- 
ance of continuity, of identity, is only illusory, due to 
insufficient analysis, or the grossness of our senses This 
attitude is refined with the mathematical theory of continuity 
as a ‘ compact series ’ of infinite points or instants, and applied 
bodily to every sphere of existence, sense-data as well as 
electrons, mind as well as matter EiisseU is one of the 
founders of the modern mathematical logic. This atomistic 
bias of his blinds him to the basis of content, — quantity, 
number, — whatever it may be called, m the constructions 
of mathematics and leads him to identify mathematics with 
logic Atomistic interest leads him to found mathematical 
logic on pure analysis, on pure prmciples of logic, in complete 
abstraction from the Eeal. But it is a question whether he 
and his collaborators have succeeded Poincare thinks that 
they have not, and cannot, on their presuppositions That 
IS why they have to postulate certain axioms or mdeflnables, 
“His hook (Boole’s Latos of Thought) was in fact concerned 
Avith formal logic, and tins is the same thing as mathematics ” 
“We start in pure mathematics, with certam rules of inference, 
by which we can infer that if one proposition is true, then 
so IS some other proposition These roles of inference con- 
stitute the major part of the prmciples of formal logic. We 
then take any hypothesis that seems amusing and deduce its 
conaeqiienoes If our hypothesis is about anything, and not 
about some one or more particular things, then our deductions 
constitute mathematics. Thus mathematics may be defined 
as tiie subject in which we never know what we are talkmg 
about nor whether what we are saying is true ” 

How this cannot he strictly true Any is not equivalent 
to None We do not apjily the rules of inference to any 
hypothesis that seems amusing, but to that aspect of any 
bypotliesis that lends itself to matliematical treatment. 
We cannot have a mathematics of meaning, but only of 
structm-e 

And we do know what we are talkmg about in 
mathematics, ^.c., the properties of number, or of space. 
Mathematics cannot be identical with logic. All its formulte 
and constructions apply and hold good only on the basis of 



2T6 


M. A. Venkata Rao 


certain assumed entities, abstracted from the real world — 
sucli as magnitude and number. All mathematical develop- 
ment IS possible, as Aliotta points out, on account of the 
synthesis of content im'pUcA in axioms about space and number. 
If Russell insists on purity and formality, he can get only 
one Law — ^that of Identity in Difference. All the rules of the 
syllogism are deducible from it, and the postulates of Induc- 
tion are only special statements of it. And from the principle 
of Identity in Difference, from pure logic alone, it is as impossible 
to develop mathematics as to derive physics or psychology. 
We cannot ignore the lesson of Kant AU knowledge con- 
sists of synthetic a priori judgments. We cannot drop synthesis, 
and have pure a pnon analysis, as Poincare and others point 
out. The synthesis may not be human acts of synthesis. It is 
the combination of elements in Reality. The concept of number 
involves contmmty of material, however tenuous, under- 
lying the discreteness hTumbers are only prommences in 
a dim background The concepts of order, class or senes 
also require a homogeneousness of property, underlying their 
constituents or members, to hold them from straying away 
into each other. Bussell’s distinction between pure and 
apphed mathematics is not ultimate “Now the fact is that, 
though there are mdeflnables and mdemonstrables in every 
branch of applied mathematics, there are none in pure mathe- 
matics, except such as belong to general logic.” [Mysticism 
and Logie, p. 75.) The difference between pure mathematics 
and apphed is not that between complete abstraction of aU 
content, and application to special fields, but that between 
the greatest possible abstraction consistent with a hold on 
reality, — ^hold on the quantitative aspects — and special apphea- 
tions to higher levels on the same basis. In physics, it is not 
‘pure’ mathematics of number and quantity, and this apphea- 
tion to the material of physics gives rise to new synthesis, 
fresh developments, not deducible from pure mathematics. 
And so on in every branch of apphed mathematics. 

Thus Russell’s answer to Bergson fails to constitute a 
proof of discreteness as adequate to account for duration or 
real contmuity, and his mathematical theory of infinity con- 
tains an mner contradiction, and is inapplicable to Reahty. 
It IS a question whether his foundmg of mathematical logic 
on pure analysis can resist attack. 

1. The physiological argument for continuity of sensa- 
tion from discrete stimuli is not fimal. 
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(a) It necessitates gualitalive identity in the stimuli, 
■which, has implications dangerous to ultimate 
atomicity. 

(h) Discrete stimuh can produce experience of con- 
tinuous change, only if they are governed by 
an objective ground -which determines the rapid 
presentation of stimuli in a particular order* 

2. The psychological considerations lead Bussell to the 
absurdity of regarding sense-data as forming ‘a compact 
series’ of infinite number of sensations. 

This is a confusion of sense-data -with sensory a-wareness. 

3. The ‘logical’ argument rests upon a fancied neces- 
sity for completing analysis beyond the point of finite 
perceptible limits This is not at all necessitated by fact, but 
by the theory of Cantorian contmuity, for -which Bussell holds 
a special brief. 

4 The mathematical theory itself contains an antinomy, 
and IS mapphcable to Beality. Mathematics cannot be 
founded upon pure Analysis and formal logic. 

Ultimate atomicity is thus unthinkable. Strictly, it 
would involve utter novelty every instant Bussell speaks 
of causal series How is a causal or any other senes possible, 
if there is no q.uahtative identity between the members of 
the senes ^ A haphazard collection of sundry items is not a 
senes. Further, what is meant by causal relations m an 
absolutely atomic world — of entities, both quantitatively 
and qualitatively distinct from each other ? Hot a single 
formula is possible m such a ‘world’, — ^no differential or any 
other kind of equations. There will be no variables, no 
functions and no logical or any other kind of constants. All 
the events constituting the history of an electron must have 
something in common by virtue of which they constitute the 
electron All the points must have somethmg or somewhat 
in common, by -Pirtue of which they are pomts, or are called 
points. In a word, the metaphysical argument rests upon 
the inescapable validity of the Law of Identity m Difference. 
It IS not merely a law of thought ; it is the most ultimate law 
of reality. 

TIME AS ULTIMATE. 

Bergson is the protagonist of Time. If continuity is 
perceptual illusion to BusseU, it is the essence of reahty for 
Bergson. He mamtains the mtegrity and mdi-visibility of 
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cliange If mtelJpctnal analysis leads as to discreteness, to 
atomicity, it is not a smtable instrament for revealing reality 

Bergson develops las view in a continuous polemic against 
mechamsni, against static concepts of the real But his 
descriptions of concrete duration imply and call for a unitary 
essence persisting in the changing phases, call for another 
‘dimension of time’ which is etermty. “Ijike radical finalism, 
although in a vaguer form our philosophy represents the 
orgamzed world as a harmomons whole ” {GreaUve Evolu- 
tion, p. 53.} “Life, on the contrary, progresses and endures 
in time ” {G E , 64.) “ .. . this reahty is undoubtedly 
creative % e , productive of effects in which it expands and 
transcends its own being” (C E , 56.) “Something of ihe 
whole, therefore, must abide in the parts ; and this common 
element will be evident to ns in some way, perhaps by the 
presence of identical organs in very different orgamsms.” 
[0 E , 67 ) “For our duration is not merely one instant 
replacing another ; if it were there would never be anything 
but the present — no prolonging of the past into the actual, 
no evolution, no concrete duration Duration is the continu- 
ous progress of the past which gnaws into the future and 
which S'wells as it advances ” {C E , 4: and 5 ) These expres- 
sions have no meamng if they exclude reference to an essence 
or material, connecting the several phases, and roveabug itself 
progressively in them. “A harmonious whole”, endures m 
time, expands and transcends its own being, the common 
element evident in the presence of identical elements, pro- 
longing the past, and gnawing mto the future are phrases 
mexplicable if a central reality taking successive forms is 
demed. 

Bergson proves the identity of impulsion by similarity 
of organs m divergent channels He is thinking of the whole 
course of the evolution of life on the planet. But if we 
think of each organism and its life, we must postulate a central 
essence, a determinate nature, revealmg itself in the changmg 
phases of its growth and decay. It need not have clear models 
of ready-made ends. It wiU forge its own purposes in the 
stress and stram of its life, 

Acceptmg the lesson of relativity, we must think of the 
life of each orgamsm -as a whole. Momentary snapshots wiU 
not give ns its true nature. Its full nature is revealed through- 
out the changmg phases of its life. If we cannot describe a 
bit Of matter adequately without reference to the time axis, 
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the greater is the need of taking account of time m the case 
of living organisms But time is not the whole story. The 
changing phases from birth to death reveal a unity of essence, 
a ‘continuity of mterpenetration,’ (0.E ) which is the eternal 
backgromid, The concrete reality cannot he fully descriherl 
therefore, in terms of change alone, but needs supxilementa- 
tion by another dimension. The real-m-duration, essence- 
takmg-form is the fiiH nature of the observed fact. This is 
what Gentile means when he speaks of Mind as Pure Act. 
Berg, son does no! draw this unphcation because he is absorbed 
in combatmg mechanism, and meebamstic flnahsni, and 
because he is afraid of the Cartesian substance, the string that 
runs through the necldace of beads “Instead of a flux of 
fleeting shades merging into each other, it perceives distinct, 
and so to speak solid colours, set side by side like the beads 
of a necklace, it (t e , the mindl must perforce then suppose 
a thread, also itself sohd to hold the beads together.” 
(O.E , pp. 4.) . . “As a matter of fact this .substratum 

has no reality , it i,s merely a symbol intended to recall 
unceasingly to our consciousness the artificial character of the 
process by which the attention places clean-cut states side 
by side, where actually there is a continuity that unfolds ” 
(0 E , p. 4.) It IS a strange meeting of extremes that both 
Bergson and Eussell should inveigh agamst the same abstrac- 
tion of substance, that both should feel the necessity of clear- 
ing the same lumber before proceeding Instead of a perma- 
nent piece of matter, we have now the conception of a “World- 
hue, which IS a series of events connected with each other 
in a certain way * (p 244.) “ A hght wave is analog- 

ous to a material nmt ; it differs m the fact that ii. spreads 
spherically instead of travellmg along a linear route.” (Eussell, 
Analysis of Matter, 240 ) Both are imconscious that the 
Avork Avas done long ago. The transition from substance 
to subject, from pre-Kantian thought, both empirical and 
rational, to post-Kantian thought has not been assimilated 
m contemporary philosophy. The whole work needs to be 
done agam Avith special reference to fresh regions of fact, 
physical and psychological. The alternative to ‘Substance’ 
IS not ‘mere change or pure atomicity’. It is obAuous 
that both Bergson’s ‘Continuity that unfolds, ’ and Eussell’s 
“series of events connected inth each other m a certain way” 
imply a reahty that unfolds, a stuff or material that runs 
through the series of events There need be no hesitation 
m granting that there are no distinct beads, no motionless 
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states, and no permanent substances hidmg behind the senes 
of events. But we are still left with the changing phases, 
with duration. To spealr of a common impulsion at the 
beginning of life is ipsuSieient unless it operates m the organ- 
isms every moment, and m every divergent chaimel of life. 
If it does, the vital essence in each orgamsm reveals itself 
in its changmg phases ; it cannot bo identical with them. 
It is ‘Oompresent’ with its whole duration. It is its eternal 
backgi'ound. Vital essence taking form, or manifesting itseH 
in successive forms is therefore the concrete fact. 

Thus m Bergson time and ooncerte duration are identified. 
The aspect of change is stressed so much that it comes peril- 
ously near the meaninglessness of mere change. Reacting 
against the old idea of substance as a static and mdxfferent 
entity binding together momentary states into a mechanical 
whole, Bergson seems to deny all ground of umty in duration. 
Duration as mere change without something that changes 
is as much of an abstraction as clock time, an infimtely 
divisible whole, empty of all events. But in Bergson himself 
there is a concrete view of time which needs to be freed from 
its excessive emphasis on mere change as such. Contemporary 
thought on Tune is involved m blind alleys It is caught 
between the Seylla of mere duration and the Oharybdis of a 
mathematical infinity of pure instants, — ^between an abstract 
interpretation of perceptual and concejitual time. 

SYNTHESIS OF TIME AND ETERNITY. 

A true view of tune is impossible without an adequate 
conception of etermty. A more concrete interpretation of 
duration will give a clue to a more adequate solution of the 
problem of time. Time is to be thought of against an eternal 
backgroimd. Of course discussion is bound to suffer from 
the necessary employment of metaiihors. We must first 
get rid of the spatial conception of etermty as an endless line. 
The precept 'Take time seriously’ has resulted in an one- 
sided emphasis on mere successiveness. Perhaps Spinoza 
is a better guide than Alexander m this matter. At least 
we cannot afford to forget him even on the crest of the elan 
vital, even m the nisus and churning of Space-Time. 

Duration is a flow, certainly , but it cannot he a mere 
flow. There is something that flows. Bergson is afraid of 
admittmg this aspect of duration, on account of the bogey 
of. the Cartesian ‘matter’, an inert substance, which might 
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convert his flow into a ‘necklace of beads’. But the fear is 
groundless. Duration is a concrete process which has 

‘thiolmess’. Sometlung ts reaUzvng itself in the process. It 

is not hidden behind the outer wall of the process Principle 
and process are one Reahty is hfe expressing itself. Mere 
expression is meaningless ; mere duration is unthinkable 
So IS mere substance The flower is a block of duration, an 
event or series of events, m the language of Relativity. The 
flower or any bit of reahty is a set or system of processes m 
which its nature is expressing itself. Dr Whitehead speaks 
of “Realization as the becommg of tune m the field of exten- 
sion” {Science and the Modem World, p. 169.) The very 
mention of ‘nature’ or ‘essence’ is enough to perturb con- 
temporary thought, because science and philosophy have not 
been able to get rid of the paralysmg influence of the old 
notion of inert substance. But here is no inert substance, 
but a hving prmciple, a plain fact of observation. The flower 
IS not a mere process , it lias a uniqueness and mdividuaHty, 
which is different from everything else, which it reveals through 
all its phases. The whole nature of the flower is not found 
at any one moment of its existence, neither m the bud nor 
in the glory of its maturity, nor in its fruitful seed. It is 
a growth, a duration To appreciate the full nature of its 
reality, therefore, we have to take account of the essence or 
system of quahties and relations as well as the changing 
phases which constitute its hfe. This mdwellmg prmciple 
is found throughout the growth ; its fulness is revealed in 
the complete hfe of the flower, not at particular stages of its 
growth. It IS ‘compresent’ to use Dr. Alexander’s word 
for a diflerent meaning, with the whole process. It is its 
eternal aspect If ‘before’, now and aftei- constitute the three 
dimensions of time, eternity may be said to be its Fourth 
Dimension, compresent with all the other three dimensions, 
just as Time is the fourth dimension of space, and ‘corn- 
present’ m a looser way with its three dimensions This 
‘ compresence ’ of eternal essence with temporal phases confers 
value on all the phases, m different degrees, but each umque 
in its kmd Childhood is not mere undeveloped manhood. 
The child is not a httle man, a means to his future. Every 
stage of hfe is primarily an end in itself, and only secondarily 
a means to a later stage. Every phase is a unique realization 
of an aspect of the eternal essence, which is not ‘thin,’ but 
‘thick”, not hnear, but multiple in possibihty. That is why 
the play of childhood has in its own way a final value. Every 
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stage 13 to be lived, and not lost in retrospect or expectation. 
That la why romantic love is an end in itself, and not a mere 
means to the good of the race. The flower is not a mere 
mstrumont for bringing about frmt and seed ; it is an end 
in itself. It reveals a part of the eternal essence Eabindra- 
nath Tagore had this truth in mind when in a poem in the 
‘Gitanjah’ he spealns of ‘The unseen playmate’ pressing the 
cignet of etermty on many a fleeting moment of careless joy. 

The word ‘ compresence ’ is to be taken in a speciflc sense, 
more intimate than the relation meant by S Alexander. For 
him, it IS primarily spatial in its reference. The earth and 
sky, floor and table, even mind and its object, are examples 
of compresence in his meaning. It means the most universal 
fact of togetherness in tiie space-time manifold The words 
mamfestaUov, expression, realisation are nearer the intimate 
relation we are referring to, and mdicate more nearly the 
nature of the relation between etermty and time, essence and 
successiveness 

Another caution is to be borne in mind in thmking of 
etermty. It is- usually taken in its widest stretch of meaning 
as referring to the umverse as a whole, and the topic is plunged 
at onoe into the ultimate metaphysical riddles of the relation 
between Etermty and the time-process, between the absolute 
and the world-process. Etermty is a concept which must 
he built up by analysis of experience, hke any other. Any 
premature flight to the peaks of speculation is likely to render 
the discussion thin and misty We have spoken of ctermby 
freely even with reference to Unite patterns of temporal pro- 
cess, snob as physical objects. If the concept of eternity 
is to have a meaning, it must have roots in the realities of 
perception. And it is just what we And. Every nmt-frag- 
ment of process implies a fragment of essence, or material 
as its ground making ‘mterpenetration’ of its xihases iiossihle. 
If the umverse is a unity of space- tune systems, it is an eternal 
essence, mfimtely rich in depth and variety, perpetually 
‘passmg’ into concrete forms, winch are space-time systems 
Each space-time system, each thmg or physical object, from 
the stars to electrons, would then he the individnataon or 
reahzation of some aspect of the eternal essence in its own 
pattern, or determinate structure, the essence persisting from 
the first moment to the last, in and through its successive 
phases. “The consideration of the general flux of events 
leads to this analysis into an imderlying eternal energy in 
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whose nature there stands an envisagemcnt of the realm of 
all eternal objects ” “ the underlymg activity as 

conceived, apart from the fact of realization, has three types 
of envisagement These are first, the envisagement of 
eternal objects ; secondly, the envisagement of possibihties of 
value in respect to the synthesis of eternal objects ; and lastly, 
the envisagement of the actual matter of fact which must 
enter into the total situation which is achievable by the addi- 
tion of the futiu’e.” {Science and tJie Modem World, p. 1-32. 
T)r Whitehead ) That is to say, the umverse is eternal- 
energy taking form , tins mamfestation involves unirersals, 
has intrinsic value, and takes place through ‘matter of fact’ 
or stuff or material Indeed, Dr Whitehead is not afraid of 
referring to substances “as the mdividuations or modes of 
Spmoza’s one substance” (Science and the Modern World, 
p. 156 ) His doctrine of the epochal character of time does 
justice both to the durational and the enduring, the temporal 
and the eternal aspects of the real “The duration is that 
which is reqmred for the realization of a pattern in the gi\ en 
event.” (Science and the Modern World, p. 168.) “Temporal- 
ization is realization.” (P 159 ) ‘ In reahzation the potentiality 
becomes actuality But the potentialpatternreqiiires a duration ; 
and the duration must be exhibited as an epochal whole, by 
the realization of this pattern ” (P. 159 ) These statements 
bring out that — 

1 Time IS essential for reahzation. 

2 The real is energy takmg form. 

.3 The underlying energy imposes a pattern for duration. 

This energy of particular patterns underlies every form 
or ‘block’ of temporal iirocess It is contmuous and dis- 
plays structure and form It is pattern and waves, identity 
and difference. “This doctrine follows from the doctrme of 
events, and of the nature of enduring objects ” (P. 159 ) 

Thus eternity is not a ‘high prion’ conception to be 
mentioned only with God or the Absolute In finite objects it 
exists as the patterned essence, govermng the successive waves 
of its phases. Eeahty is pattern govermng durations, eternity 
taking forms 

Analogies from Art are iHuminatmg in this connection 
and bring out the necessity of the Pourtli Dmiension of Time, 
When the musician creates out of three sounds, not a fourth 
but a star, it is the Fourth Dimension that breaks through 
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the sounds and shines as a star. Eternity is the Soul of Time. 
(S Alexander speaks of Time as the mind of space ; it is truer 
to speak of Eternity as the Soul of Time , for though time is 
nearer the heart of reahty than space, both are after all forms 
of its realization.) The vision of the musician is ‘ compresent’ 
in our sense with the whole song from the beginning to the 
end. The inspiration of the poem exists from the first hne 
to the last. It is an inveterate mechanical habit to look for 
the meanmg of the whole in the parts. To do so is to reduce 
the poem to its mechanism, its words, and framework. The 
secret of the poem is to be found, neither in the prosaic 
analysis of its parts, nor in the Bergsoman intiution of its flux 
and duration, but in tlie central meaning, the integral vision 
of which the whole evolution of the poem, the umfied totahty 
of the Poet’s rich and many toned experience, is the shape 
and embodiment. To look for the nature of the flower m 
particular stages of its growth is to miss the full essence of 
the flower. (So do we miss the essence of all reality, even 
matter, it seems, if we omit reference to the time-factor.) It 
IS to look for etermty in mere time. It is to look for God with 
the microscope. It is to ignore the Fourth Dimension. 

The eternal and temporal aspects form a livmg unity. 
Both are indispensable. As Dr Whitehead puts it, temporal- 
ization IS realization Potentiahty passing into actnahty 
takes the form of time or successiveness. But successiveness 
involves also umty of essence. Bergson’s analysis brmgs 
out the close relationship between spirit or consciousness and 
time. But he jumps to the conclusion that time therefore 
constitutes the stuff of reality, is of the essence of it. These 
are hasty metaphors. A thing may be necessary without 
hevng the omtral stuff, a thing may ie an orgamc aoeompawment 
without being t7ie essence. How tune is necessary, and is organic 
to reality, but the essence is eternal. The eternal essence takes 
the form of time for its reahzation. This is what is meant 
by Time being said to be the form of mamfestation, the way 
or manner m which reality expresses itself. “But to the 
artist who creates a picture by drawing it from the depths 
of his soul, tune is no longer an accessory ; it is not an mterval 
that may be lengthened or shortened without the content being 
altered. The duration of his work is jiart andyaicel of his worlc. 
*- 5^1 Do we foresee what wfll appear on the canvas? We 
^^.sg ^Sfthe elements of the problem ; we know in an abstract 
JiA solved, for the portrait will surely resemble 
concrete situation brings with it that 
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unforeseeablG notbuig wMch is everytMng in a work of art. 
And it is tins nothing that takes tune Eought as matter, 
it creates itself as form The sprouting and flowermg of this 
form are stretched out on an unshrinkable duration which is 
one with then essence ” (G.E ) This passage brings out the 
vital necessity of time for realization. The vision of the artist 
needs time to take form, and is itself moulded in the process. 
Time is tlierefore real, but is not the whole of reality. Bergson 
attributes the doctrme “Eternity no longer hovers over 
time as an abstraction; it underhes time as a reality” — to 
Plato, and finds fault with it as negating time (0 E., p. 3.8,6.) 
But on this pomt it is the ancient philosopher that is nearer 
the truth. Etermty underhes time To speak of Time “as 
a movmg image of etermty” is not wide of the mark, if time 
processes are the embodiments of eternal meanings Bergson 
claims that “there is more in a movement than in successive 
positions attributed to the movmg object, more in a becommg 
than in the forms passed through m turn, more in the evolution 
of form than the forms assumed one after another ” {C.E , 
p. 333.) This more in movement, becommg and evolution 
of form can 'come only from the etermty imderlying time. 
It cannot be derived from the mere mdivisibihty of change, 
or interpenetration of phases, or continuity of becoming, 
for these expressions themselves acquire meamng on the postu- * 
lation of an identical essence underlying them. Tune is the 
form of manifestation. As Boyce puts it. Tune is the form 
of the will. He stresses the will, because tune refers- to the 
‘passage’ from potentiality to actuahty which involves 
activity But it is better to say, it is the form of the self mani- 
festmg itself, or in non-committal terms, it is the form that 
energy must take if it is to pass into actuality But the word 
‘form’ is suspect It remmds us of ‘formal’, and ‘formahty’ 
is supposed to be identical with nothmgness. This meanmg 
is the joint legacy of formal logic and of Kant Formal logic 
is supposed to deal with mere forms of thought, apart from aU 
reference to meamng. And Kant spoke of Time and Space 
as subjective forms of Intmtion, as the ways m which we, 
constituted as we are, intmt or perceive reality. But form 
may ie objecUve also. Time and Space are forms of the real, 
is the amendment of Hegel , Time is real, therefore, to ideal- 
ism, even to ‘Hegehanism’. Time is the necessary form of 
reality, for it is in the form of successiveness that reality mani- 
fests itself. When it is said that time is not ultimate, it is 
not meant that it is unreal, that it is an illusion. It is only 
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1 0 say that it is not in successiveness we are to seek the ulti- 
mate meaning of things, hnt in the eternal essence revealing 
itself in it. Both are necessary , only time is the shape taken 
hy the eternal in realizmg itself Time is unreal, only on 
the definition of real as ultimate essence ; it will then he on 
the same footing -with any other finite aspect or level of reality 
But of course, it is advisable to stop speaking of the nnreahty 
of time in any sense To say that time is the form or ‘image 
of eternity’ as Plato put it, is lo say that Beahty appears 
in the form of process ; expresses itself m the form of change. 
Appearance is thus manifestation,~not illnsion or mere appear- 
ance. 

We sometimes hear of an Eternal How The concept is 
to he carefully described if it is not to mislead. Much of the 
prejudice against etermty is perhaps due to this conception 
hastily understood, and imperfectly expounded The Eternal 
How IS spoken of in connection with the specious present 
Just as our tempo is small, the amount we can grasp at one 
moment is very minute indeed, the eternal being is described 
as envisaging the whole imiversal flux in one grand specious 
present For it the past, present and future is revealed at 
one glance. This conception is unsatisfactory from a number 
of pomts of view. 

1. It involves a unilinear conception of the universal 
process There is no Eternal How, but Eternal Hows. 
Every spacc-tzme system has its own duration, its own tempo, 
its own specious present, Qhere is no one How m the Uni- 
verse. We have to construct a How in view of certain space- 
time systems m relation to each other Tins is the lesson of 
relativity. 

2. The Eternal How cannot certainly be talcen lo include 
the juture Even if there is no absolute simultaneity, thmgs 
can he said to occur earlier or later tlian a third, accordmg 
to the observer’s point of view. But there can bo no point of 
view which can bring the future, the non-cooistent into view To 
interpret the Eternal How as mcludmg the future is a great 
fallacy. To speak of the Absolute or God as seemg the future 
IS to speak words without meamng, for the absolute is inflmte 
spirit talung form ; the process of manifestation is vital. If 
the absolute ia the underlying aspect of forms or things, it iS 
ah abstraction apart from the time-proce8s. The eternal 
,^o’es pot stand apart from the flux, and view the past, present 
^difuture at one glance. The future is the future, uuhorn 
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and non-existent. ITo doubt its potentiabty is in the eternal ; 
the past and the present determine it in lis main lines, but 
the edncrete form of its realization is unforeseeable. Bergson’s 
insistence on the unforeseeability ol the future has great value 
“The finished portrait IS explained by the features of the model, 
by the nature of the artist, by the colours spread out on the 
palette ; but even with the knowledge of what explains it, 
no one, not even the artist, could have foreseen exactly what 
the portrait would be, for to predict it would have been to 
produce it before it was produced — an absurd hypothesis which 
is its own refutation ” {G.1S , p. 7 ) This holds good even 
with regard to the relation between the universal spirit and 
its mamfestations. If changes in our personality constitute 
‘creation of self by self’, in the fine phrase of Bergson, so 
are the activities of the universal One a creation of self by self, 
and time is essentially needed for both To speak of a Totum 
Simul, of a glance of the eternal envisaging the past, present, 
and future is to darken counsel and confuse issues 

The eternal is not therefore a great reservoir of things, 
from which a selection is exhibited m the temporal process. 
The eternal is an abstraction apart from the concrete process 
of time The real is essence passing into process The two 
exisi, together in organic relationship The eternal is primary 
as being the ground and source of value, but the time process 
IS necessary for the embodiment of meanmg and value The 
eternal is not a Chinese box from out of which little boxes are 
taken out now and then The concrete forms and individuals 
of existence may arise and pass but the imderlying essence 
does not disappear but takes fresh forms. Eeahty may say 
with Shelley’s Cloud, “I change, but I cannot die”. And 
each form is umgue and fresh, unforeseeable and um’epeat- 
able 

To look at things sub-specie-eternitmtis is not to abohsh 
tune from the scheme of things From the eternal stand- 
point, time does not vamsh, but is seen as the bearer of value, 
as the form of manifestation We see though the flux of the 
world the pattern of essence talcmg shapes in it. To see mean- 
ing through change, is not to abolish change. We rise m thought 
above the mists and detail of particular existence, and observe 
the harmony and mter-relationship of things. Every tlimg 
falls into place, nothing disappears except om- abstractions 
and illusory first appearances, sohdified m the social heritage 
and medium. 
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From this point of view, ‘the other world’ of religion 
is only the true view of this world It is not anywhere else 
at the bounds of space, or the ends of time. Everything in 
this world IS seen to be a form of the eternal, when understood 
as it IS in the texture of reahty, and not as clouded by what 
Spinoza calls the Imagination, When we put oiu’ obtrusive 
self aside, and grasii things as they are, in their own relation- 
ship, when the mind reflects reahty faithfully, we have true 
wisdom, and see etermty here and now. We see the eternal 
meaning m the system of forms and existences which con- 
stitute the universe. Of course, such a view reqmres strenu- 
ous self-disciphne whether m the moral or the scientific sphere — 
the disciphne of the larger self, or the disciplme of fact, ‘of 
irreducible and stubborn facta, ’ in the fine phrase of W James. 
This disciphne involves holding the changing phases of the 
world at arm’s length even while scanning them carefully. 
But it IS not to regard change and time as unreal. It is to 
endeavour to pierce through them to their meaning. As 
Professor Eadhakrishnan puts it “we must step aside from 
the procession, if we would see the whole of it.” (The Edle 
of Philosophy in the History of Civilization. International 
Congress of Philosophy, 1926, U S.A ) This stepping aside 
18 not to ^scal'd the procession as of no value, it is a means 
to a fuller vision of it, a closer apprehension of it. All thought 
involves the rhythmic processes of analysis and synthesis. 
We must rise above the data, survey it as a whole, analyse 
it into its elements and relationship, before our knowledge 
IS rendered clear, definite and rich m meamng. But the 
analytic phase operates on the ground of synthetic apprehen- 
sion, and the threads of analysed elements are regathered 
into the synthetic construction at the end. It is only for 
this purpose that we must free ourselves from the changing 
aspects of the world, its scintfilatmg and alluring appearances, 
while retaimng our scrutmy of it. This is aU that is meant 
in idealistic thought, when the precept “Bise above the illu- 
sion of time” is given We rise above time to see its own 
true character as the bearer of eternity. The precept “Take 
time seriously” need not be supposed to clash, therefore, with 
the precept “Take etermty seriously”. To take Beahty 
seriously is to take both tune and etermty seriously. We 
must listen both to Spinoza and Alexander. 

This view of the concrete nature of duration as implymg 
eternity derives support from the principle of Belativity. 
Box according to this view we do not neglect the tme of the 
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event. We do not regard the physical object such as the 
flower, as a ‘thing’ complete at every stage, each stage in- 
different to the other, merely occupying a certain position 
m three-dimensional space. We regard it as an event, a pro- 
cess to which tune is essential. “ . The three-dimensional 
world is obsolete and must be replaced by the four-dimen- 
sional space-time with non-Euclidean properties, ” (Edding- 
ton, Time, Gravitation, p 1^1 ) Thus time is organic 

to the ‘stuff’ o£ things Bedlity takes the form of process. 
Tlie space it occupies, and the time it Alls are not, as in the 
hlowtoman scheme indifferent to its ‘matter’ We have 
exorcised the three ghosts of an empty space, an absolute 
uniform time, and an inert substance Eor if time is organic 
to matter, there are as many times as there are systems of 
change. The ‘mass’ of any bit of matter is not, therefore, 
to ho regarded as explicable ‘in its own terms’, as absolute. 
The yard stick is not the same everywhere It depends upon 
the motion of the system which it shares Mass becomes a 
function of the whole system. It has no inert permanent 
Gore persisting unchanged m all systems of reference. Into 
tlie innermost heart of the physical entity, the so-called matter 
enters the shadow of relatmty The thmg is what it is, its 
‘mass ’ IS what it is, because of its position in a system. As 
Einstein points out the old Newtoman Scheme is built on two 
assumptions • “In the fu'St place, it was assumed that one 
can move an ideal rigid body in an arbitrary manner. In 
the second place, it is assumed that the behaviour of ideal 
rigid bodies towards orientation is independent of the material 
of the bodies and tbeir changes of position, m the sense that 
if two intervals can once be brought into comcidence, they 
can always and everywhere be brought into comoidence ” 
(A Emstein, The Meaning of Belntivity, p 5, 1922 ) Dr 
Wlni-ehead smns np these two assumptions as constituting 
the fallacy of simple location. Both these assumptions have 
broken down. There are no ideal rigid bodies, and their 
behaviour towards orientation is not independent of their 
material, and of their changes of position Two consequences 
emerge from this new view ■ 

1. Time matter. s to things, passage is an essential 
characteristic of things, of even ‘dead matter’ It renders 
mteUigible the idealist’s insistence that Time is the foim of 
manifestation, that process is necessary to realization. 

2. There is no one time, hut many times, as many times 
as there are relatively isolable systems in reahty. 

8 ” F 
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Both are familiar in Idealistic thought. Time is an 
abstraction from reahty, as Whitehead puts it. But an 
abstraction is not an illusion It expresses a real aspect of 
tlie universe. It is integral to it 

And the second point is a welcome support to an old 
thought familiar in Plato, Plotinus, Spinoza, Hegel and 
Bradley, not to speak of Indian philosophy. The view of 
the event as concrete duration implies a close union of material 
with space and tune The unit of reality becomes an event, 
a unity of par1,icle-pomt~instant Each event becomes a 
space-time system. The uniform Space-Time framework, a 
single system throughout the universe disappears, and we 
are left with an infinity of events, each with its own space- 
time, or rather each realizing itself, or passmg, vSpaoe and 
Time bemg abstractions from this its passage or creative 
advance, in the words of Whitehead This means philosophic- 
ally the abandonment of what may be called a umlinear con- 
ception of Reahty, of Eternity as Endless Line We cannot, 
therefore, speak of the whole universe being m tune Rather 
we shall have to think of infinite events each witli its own 
space and process. The universe, then “has no histones 
of its own, though it contains histones beyond number ” ; 
(E 11. Bradley, Appearance and Heal ity, p 499.) “has no 
seasons, but all at once bears its leaves, fruits and blossoms. ’ 
The universe cannot, therefore, be said to be m tune but m 
all the space-tune events, which together is the world This 
View answers the question — what happens to the world, when 
the world-jirocess comes to an end ? If we regard Time as 
necessary to Reahty, we have to regard it as endlessness If 
there is an end, time cannot bo real ; if there is no end, ideals 
are unrealizable and so devoid of motive power. This is an 
antinomy born of abstractions. There is no one end. There 
are ends and beginnings simultaneously. Professor Radlia- 
krishnan postulates another drama in another stage after 
the world process comes to an end. (The Doctrine of Maya, 
Internalwndl Congress of Philosophy, 1926, IJ.fSA ) The 
postulate 1.S unnecessary There is no one drama, no one 
stage. There are innumerable settings all the time. Inflmty 
has ‘breadth’, as well as length “The pomt is, it seems 
to us, that its evolution and self-revelation need not proceed 
by any one of what are called progresses or advances, — An 
infimte whole, it seems to us, must hve out ahke to aU its 
sides and aspects, must expand mto and hve itself out in all 
values” “We are rather forced to conceive the 
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whole as a unity whioh m its infinite life, without narrowing 
itself to a single time of adyance selected from among all the 
characters of winch its hfe is capable, rather reveals itself 
through infinitely diversified resources as in all directions an 
inexhaustible fountain of values.” (Bosanquet, Meetings of 
Extremes in Contemporary Philosophy, p. 183.) 

This resolves the old Kantian antmomy of a world with- 
out a beginmng in time. The antmomy disappears if there 
IS no time apart from the events, no empty plenum, or container, 
existmg before the creation of the world. Time comes into 
existence with the world, and as an aspect withm it. It has 
no meamng before it or after it The antmomy becomes 
self-contradictory if Time is regarded m itself, torn out of 
its context as a character of the Eeal. This is the real lesson 
of the Antinomy All categories or partial features of the 
world become self-contradictory, when regarded as ultimate, 
or as adequate to express the full nature of the real This is 
the meaning of the devastating dialectic of Bradley in the 
earlier part of his Appearance and Keaiity Thmg, Quality 
and Eelation, Space and Time become self-contradictory when 
regarded as Eeal, i e , ultimately real, or sufficient to charac- 
terize Eeahty as a whole They all express real aspects integral 
to tilings ; only they must not be applied to the whole, and if 
Eeality is defined as The Whole, obviously, they can only be 
imreal Much of the antagomsm to Bradley is due to mis- 
imderstanding of his definition of Eeahty as ultimate MeaUty. 

This view of the relation between Etermty and Time 
also answers the old question of what God was doing before 
creation, and why he suddenly bethought himself of launching 
this ‘sorry scheme of things’ on its fateful career Why 
should the Absolute consent to be tamted with the descent 
into this world ? This question disappears if there is no one 
Time pre-existmg before the universe. What we have is a 
universe reahzing itself in an mflnity of space-times The 
underlying som’ce expressing itself we call Eternity, the process 
of expression we call Time They are mtegral to each other. 
God does not exist prior to and unrelated to the world There 
was no Time, when the Absolute was unmanifested. The 
transcendence of God means, not the pre-existence of God, 
separate from the world, but the infinite richness or inexhaust- 
ible depth which is more than any one or all of the ‘histones’ 
taking place, of the space-time systems, or ‘epochal wholes’ 
in the language of Whitehead. Infinite essence takmg infinite 
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forms IS the pictxire of reality we get if we draw out the implica- 
tion of the principle of Relativity The unity of all these 
'nama riipas, ’ ‘names and forms,’ is neither spatial nor 
temporal, pace S Alexander but Eternal. It is a unity under- 
lymg Spaces and Times and irradiating them. Eternity is 
the Fourth Dimension of Time. 

There is a further implication of the principle of Relativity 
wilh regard to what may bo called this ‘bipolar’ nature of 
things A thmg is what it is in virtue of its own essence and 
also in virtue of some influence which it shares from the essence 
of aU other things That is why we cannot explain a physical 
object in terms of its own time and space , in fact, it has no 
‘time’ of its own. We have to construct its ‘tune’ m relation 
to other systems of reference. It has some nature or being 
which lends itself to interpretation in terms of space and time, 
when considered in relation to other systems of reference. 
This is the doctrine of the ‘Interval,’ which is time-hke, 
and space-hke The umty of the being itself need not be, 
indeed, cannot be, supposed to be in space and time. And 
this imity behind the ‘Interval’ is “bipolar,” in nature, — 
an individual essence bearing a universal influence of some kind 
or other. This is the ‘theory of aspects’ in terms of which 
Dr Whitehead defines the physical entities in the light of 
recent physics “An event is the grasping into unity of a 
pattern of aspects.” (Whitehead, Science and the Modern 
World, p. 149 ) “Thus the -life of a material particle is its 
adventure amid a track of event-particles strung out as a con- 
tinuous series or path in the four dimensional space-time 
manifold ” (Concept of Nature, p 180 ) On page 152, 
in Concept of Nature, Wlutehead speaks of aU nature being 
required for the ‘mgression’ of blue mto the events of nature. 
All nature is required for the ‘experience of blue’ or for any 
event. All nature outside the active conditioning events in 
any particular experience or events, is involved as ‘passive 
conditioning events’ And a “Scientific object such as a 
definite electron is a systematic correlation of the characters 
of all events throughout all Nature ” The outcome for philo- 
sophy of tlus ‘Concept of Nature, ’ as deternuned by Relativity, 
is an ‘orgamc theory of Nature,’ m the words of Whitehead 
himself (Science and the Modern World, p. 149 ) 

Russell holds that this theory is not logically implied 
ftt the facts of ‘Science, on a mistaken identification of this 
with a theory of the ‘thing’ with ‘aspects,’ bmlt on 
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the analogy of the old notion of substance. “I conclude, 
therefore, that the ‘thing’* with ‘aspects’ is as useless as 
permanent substance, and represents an mference which is 
as unwarrantable as unnecessary ” {Analysis of Matter, p 248 ) 
If the principle of relativity necessitates the taking into 
account ‘aU na.ture,’ all ‘systems of reference’ to describe 
adequately a particular system of events, it is obvious, the 
orgamc view of nature and the theory of aspects set forth 
by Dr. Wliitehead is a straightforward rendering of the facts, 
not only ‘warranted,’ but also ‘necessary’ The lesson 
IS clear that no event can be completely explained m terms 
of itself. Every event has an aspect which registers or 
‘mirrors’ the rest of the entire universe Each event is what 
it IS, not only because of its own indmduahty, but of some 
character m which the rest of the universe is contained 
‘ideally,’ as it were That is to say, nothing is merely 
individual, but also has a umversal aspect. In the heart of 
the physical event itself is thus discerned a bipolar ‘nature,’ 
individual and universal. The universahty of each event 
does not interfere or dimimsh its individuality. On the 
contrary, it maintains it. In a way, the thmg is the meeting 
point of relations. The essence or principle of each event 
IS two -fold, individual and umversal Thus the Fourth Dimen- 
sion of each event or series of events, their eternal aspect, 
has a double nature, — an mdividuahty ‘informed’ or charged 
by imiversal significance. There is a meamng therefore in 
saymg that Tune is in Eternity, or is the process of its revela- 
tion, not merely m the sense of the individual principle of 
Duration in each event or system of events, but also in the 
sense of a universal meaning which it shares 

Thus tie principle of Belativity leads to the orgamc 
Concept of Nature, and the bipolar’ concept of the event 
It renders time vital to the physical scheme, while permittmg 
an eternal aspect m aU things. Another growmg point of 
physics m the legion of the ‘stuff’ of things itself, is develop - 
mg theories which bear out remarkably the same conclusion. 
The “Quantum Theory” supports the conclusions drawn 
from the relativity of space and time Just as the theory of 
relativity renders impossible the fallacy of simple location, 
and lays bare the organic view of nature, the quantum theories 
seem to pomt to the breakdown of Atomism as prmciple of 
explanation If space and tune do not belong to particular 
systems of reference absolutely, neither is it possible, it would 
seem, to isolate the ultimate unit of matter of energy, and treat 
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it as a self-contaiued entity. “The physical world is not to be 
analysed into isolated particles of matter or electricity with fea- 
tureless mterspace. We have to attribute as mnch character to 
the mterspace as to the particles, and in present-day physics, 
quite ap army of symbols is required to describe what is going 
on in the mterspace We postulate ether to bear the characters 
of the mterspace, as we postulate matter or electricity to bear 
the characters of the particles ” (Eddington, The Watvre 
of ilie. Physical World, p. 31.) The lesson seems clear that 
atomicity cannot be the uUmate characteristic of the physical 
world. If mterspace is as necessary as jiarticles, there can 
be no gulf between them The two are continuous in nature. 
And even m the light of Clerk Maxwell’s equations, it would 
seem that the atomic unit of matter can be calcuated only 
m terms of a field of force Matter may not, therefore, consist 
of laolable particles floating m an indifferent ether. What 
we take to bo particles may only be temporary /oct in a continu- 
ous medium, centres or whirls in an all-embracing field. 
Indeed, Bussell considers De Broglie’s “new wave theory 
of Matter,” in which “the material point is conceived as a 
singularity in a wave” (Analysis of Matter, p 40 ) It is 
inconceivable, how Russell can interpret such a singularity 
in a wave in terms of his own atomic outlook He continues 
to speak unconcernedly of senes of waves or radiations in which 
matter consists. He goes on to consider Heisenberg’s theory 
and puts the matter in a nutshell If wo are to retain the 
corpuscular theory, we can only do it by not assigning a 
definite point of space at each time to the electron or atom 
We substitute a weU-defined group of quantities which 
represent what was the place of the electron They are the 
observable radiation quantities, each of which is associated 
with two “terms, so that we obtain a matrix” Structure, 
Rhythm, and Matrix to which Bussell is again and again led 
m his Analysis of Matter is a far cry from his stubbornly mam- 
tamed atomistic point of view. A matrix is certainly an 
identity in difference if ever there is one A matrix mvolves 
interrelation of particles, and then- ‘bipolar’ nature We are 
back again at the view to which we were led by Relativity, 
this time m the heart of the ‘world-stuff’ itself, not merely 
m its forms of manifestation. The corpuscle, it seems, is 
not a constant, self-contamed entity, the same in all relations, 
mamtaming itself at the same pomt of space, with an inoom- 
rnumcable essence, untouched by the surrounding matrix or 
field of force Eor “it is moreover impossible in principle 
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particle has aspects in which are registered the influences pf 
the rest of the universe. The electron in the body is different 
from the electron outside it In fact, the electron doesn’t 
persist m its own nature and form and essence. It passes, 
like the wave, and others take its place It is a temporary 
individuality The element of stabihty in it is the interspace 
of which it IS a concentration, just as the element of stahihty 
m us IS the universal nature of which we are the embodiments. 

Thus recent physics illuminates classical metaphysic 
and lays hare the essentially abstract character of the 
mathematical view of time as mfinite discreteness If each 
unitary event hears the imjiress of infinity upon it, it becomes 
rather meaningless to speak of pomt-instants as if they existed 
by themselves, without any enduring ground. Of course, 
they are entirely valid within the scientific sphere, and their 
apphcabihty to the real world shows only that it represents 
a genuine aspect of Eeality , the aspect of structure As Y aihinger 
puts it, the mathematical view is an instrument dealing with 
the world, not a picture of it The ultimate nature of reahty 
IS not- prejudged hy it The universe, therefore, is a umtary 
fountam of energy, giving rise to infinitely diversified events, 
each process exhibiting time and space. Bach event is at once 
individual and universal, a particular ‘nama rupa’ or name 
and form The imiverse is a unity of space-time, s The 
Eeal IS the Eternal revealing itself in inflmte times. Time 
and Eternity are asjiects of reahty To take time seriously 
is therefore to take eternity seriously. A iimflod concept of 
both resolves the antinomies of abstract time, and gives the 
clue to the nature of rea.lity. 
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